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FROM THE EDITORS 
1-3 
It occurs to this editor that the Iowa State journal of Research has never 
published a paper overtly devoted to Environmental Science or some phase of 
it. Recent contemplation possibly owes its origin to the fact that Professor 
Craig B. Davis, in charge of the Environmental Studies program at Iowa State 
University the last ten years, has recently left for similar but broader duties 
at another institution. This has resulted in reassessment on the part of some of 
us concerning the role of these programs in educational institutions in this 
country and elsewhere in the world. 
After an incubation period of 2-3 million years, human potentialities 
suddenly broke the eggshell. The event was the cultivation of plants, the so-
called Agriculture Revolution . Populations in local favored areas abruptly 
multiplied, agricultural villages grew to city states, improved tools for pred-
atory warfare became available, and human "civilizations" were on their way. 
Within five to six thousand years, several kinds of agriculturally based cultures 
had emerged in the Old World. Growth, migration and eternal conflict grad-
ually carried them and derivative societies around the world, destroying the 
weaker ones (as in the Americas) as they went. In the course of this unpre-
cedented biological explosion, they changed the landscape, indeed, the total 
environment, in which they lived. Forests and prairies gave way to cultivated, 
open soil now subject to erosion; the larger animals gradually disappeared. On 
the drier steppes, savannahs, and mountains, the sustaining resources of the 
grasslands were decimated by uncontrolled hordes of domestic animals-sheep, 
goats, cattle, etc. Most of the biological world in the vicinity of the prolifer-
ating metropolitan areas was destroyed. By the end of the nineteenth century, 
this onslaught had inundated, or at least affected, all but a few isolated parts of 
the world that humans could inhabit. 
But so what? The resources were there for man to use and were infinite. 
Or were they? A few individuals finally began to wonder. Malthus, in the early 
nineteenth century, pondered about the interrelationship between growing 
populations and food supply. The first stirrings in the United States at the 
beginning of the twentieth century were primarily concerned with preservation 
of fragments of the country as it had been, e.g., Theodore Roosevelt and the 
National Park System, John Muir and the redwoods, Ernest Thompson Seton 
and the fate of wildlife. A few other voices in the wilderness followed the next 
fifty years asking, "Where does this lead to, or where does it end, or what are 
the consequences to mankind?" But there was no significant public notice or 
interest beyond the fact that it was nice to see Yellowstone or Yosemite Parks. 
Even as a biology major in college in the 1930s I heard almost nothing about it. 
The country's concerns, primarily economic, were those of escape from the 
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depression and return to normal exploitative development. Then the catastrophe 
of World War II. 
The biologists abruptly awoke in the fifties. The journal Bioscience was 
inundated with polemics, its pages becoming a forum for predictions of bio-
logical doom. The ferment became public with Rachel Carson's Silent Spring in 
1962. Other sciences and some of the humanities joined the clamor soon 
afterward. The public paid minimal attention to this commotion in the jour-
nals and books it never read but took notice when pollutants began to affect its 
breathing, and, evidently or allegedly, its food and water supplies. 
But the public response is essentially, "We want to have our cake and eat 
it , too." The increasing demand has been for the government to do something 
about it- to clear up these dangers so that we can continue to develop and con-
sume as usual unimpeded by these nuisances ; the Gross National Product must 
grow. The EPA, a new bureaucracy of ambiguous activities, is the result. The 
need for data to be used for establishing and enforcing programs for environ-
mental cleanups, so-called, has now resulted in the establishment, both in 
private industry and in universities , of grant-funded research programs. All of 
this has created jobs for "environmental specialists" ; hence the establishment 
of undergraduate Environmental Curricula to train young people for opportun-
ities with government agencies, foundations, and industry. These educational 
programs have made reasonable progress in the last fifteen years, but the 
number of students attracted to this pathway is yet rather small. Indeed, it 
often takes some evangelical courage for a student to proceed in such studies. 
For example, at Iowa State University, the Environmental Studies Program 
requires a major in a conventional subject, be that sociology or biology, plus a 
major in Environmental Studies. 
No doubt this is progress of a sort. But it is akin to the feverish applica-
tion of band-aids to major wounds of the biological world while we refuse to or 
are unable to desist from cutting yet more and more arteries. But the still 
affluent public in the developed and less populated parts of the world shrugs its 
shoulders at the data supporting such doomsday observations or hides its 
collective heads in the sand. This is true, despite the fact that we scarcely need 
data ; it is not a matter of hypothesis or guesswork; we can plainly see the 
coming calamity in the major metropolitan areas in the tropics where much of 
the human world has become an eternal slum of poverty, filth, and hatred, 
where many of those who pass infancy and childhood will, perhaps fortunately , 
face but short, tortured lives bereft of nearly everything that we yet feel is 
necessary to make life worth living. And we are going in that direction. 
We hear a great deal these days about the failure of education to provide 
adequate training in the use of mathematics, computers, and the English 
language. Indeed, proficiency is needed in the competitive world of business-
as well as law, medicine, education, and even understanding one's income tax. 
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What, then comparatively, is the place of Environmental Studies in pub-
lic education? The answer is that there is no comparison; total educational 
attention is so minimal that all but a few university graduates are environ-
mental illiterates. 
Is this as it should be? Or has a responsibility been ignored? I am inclined 
to the belief that Environmental Studies should be a universal requirement 
equivalent to those in language and mathematics. Such an addition to essential 
education should include at least one basic course, taught by the most articu-
late and even evangelical professor the institution can afford-this country and 
over the world. 
This is, of course, no panacea. Most, concerned exclusively with the im-
mediate goodies that life can bring them, will continue to fiddle as Rome 
burns. But such an educational increment might provide minimal understanding 
for journalists, politicians, and even presidents, many of whom, in this field, 
seemingly are equivalent to one who never had formal training in English or 
mathematics. It would provide us with a certain public segment that by dif-
fusion might affect some of the rest, perhaps slightly changing the odds in our 
direction. 
Yes, the odds, one fears , are stacked against us. But we can and must try. 
Winston Churchill, after one of his resolutely majestic broadcasts in defiance to 
the coming Nazi horde said something like, "We shall fight them on the beaches; 
we shall fight them in the country; we shall fight them in the streets of the 
cities. We shall never give up!" And then, as the power for public enunciation 
was turned off, he muttered to the bystanders, "And we will hit them with 
beer bottles if that is all we have left." DI 
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ECOLOGICAL AL TERA TIONS OF IOWA 
PRAIRIE-AGRICULTURAL STREAMS 1 
Bruce W. Menzel, James B. Barnum2 and Larry M. Antosch 3 
5-30 
ABSTRACT. Water quality, habitat structure, and macroinvertebrate and fish communities 
were surveyed in 1979-1980 in ten headwater streams of the Cedar River basin. All streams 
are affected by moderate to intensive agricultural land use in their watersheds, and the pur-
pose of the study was to describe stream ecological changes caused by this influence. Most 
streams carried heavy sediment and nutrient loads, had fine-particulate substrates, were 
extensively channelized, had a wide range in daily flows, and were largely devoid of instream 
vegetation. Water quality was highest and habitat structure was most complex in a woodland 
stream, and a pattern of environmental differences was measured among the nine prairie 
streams. Invertebrate communities were dominated by the collector-scraper functional 
assemblage. Shredders were primarily represented by amphipods, isopods, and crayfish. 
Ten fish species, mainly minnows, were identified as fish community dominants in all 
streams. Eight environmentally sensitive species were absent or present in only small num-
bers. The streams were classified into four groups on the basis of 12 biotic and abiotic 
characteristics which serve to provide a composite measure of ecological change from pre-
sumptive natural conditions. 
Index Descriptors: agricultural streams, stream ecology, Iowa, water quality, stream 
habitat structure, macroinvertebrates, and fish. 
INTRODUCTION 
The aquatic and terrestrial components of the biosphere exist in a com-
plex interdependency. As a consequence of human population growth, in-
creasing alteration of the land for agricultural food production poses one 
of the most serious, and difficult to remedy, threats to the continued eco-
logical integrity of aquatic systems. Although the environmental impacts 
of agricultural land and water uses are known in general, many regionally 
1 Journal Paper No. J-11018 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project No. 2410. This research was sponsored by U.S. EPA Grant 
No. R807122. Jack H. Gakstatter of the EPA Corvallis Environmental Research Laboratory 
served as project officer. Marian B. Smith, Wesley Knollenberg, and Timothy K. Cross were 
project technicians. James L. Baker of the ISU Department of Agricultural Engineering 
assisted the project in a number of ways. 
2Professor and former Graduate Research Assistant, respectively, Department of Animal 
Ecology, Iowa State University, Ames, IA 50011. Current address of JBB: Procter and 
Gamble, Ivorydale Technical Center, Environmental Safety Division, Cincinnati, OH 45217. 
3Former Graduate Research Assistant, Iowa State Water Resources Research Institute, Iowa 
State University. Current address: Environmental Resource Management, 201 Ferguson 
Bldg., Pennsylvania State University, University Park, PA 16802. 
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significant problems remain to be identified, analyzed for causal relationships, 
and corrected through appropriate best management practices. This is partic-
ularly true in the former tallgrass prairie region of the midwestern United 
States, which now forms the heart of the Corn Belt, an area of intensive agri-
cultural land use primarily involving grain and livestock production. 
Within the lotic continuum (Vannote et al., 1980), headwater streams are 
particularly sensitive to watershed agricultural manipulations because they re-
present the maximum interface between terrestrial and aquatic environments 
(Karr and Schlosser, 1978). Understanding ecological interactions at this inter-
face is important because the headwater fluvial network functions as a col-
lector, producer, processor, and transporter of resources (and pollutants) to 
downstream reaches. Thus, events occurring in small agriculturally influenced 
streams have enormous consequences for the rivers and lakes into which they 
flow. Objectives of this study were to describe the environments and major 
fauna! communities of typical prairie-agricultural headwater streams in Iowa 
and to assess the nature and extent of their ecological change from original 
conditions. Results of this survey, in conjunction with related regional studies, 
can contribute to development of management strategies for restoration and 
maintenance of the ecological integrity of prairie streams. 
STUDY AREA 
The study was performed in a four-county area of east-central Iowa 
(Fig. 1). The region has a midcontinental climate, averaging approximately 
9° C in annual temperature and 82 cm annual precipitation. About 80% of 
the precipitation occurs as rain, with June typically being the rainiest month, 
but intense localized storms are common throughout the warm season. Pre-
ceding agricultural development, the area was primarily tallgrass prairie. It now 
provides prime agricultural land because of its gently rolling topography and 
productive prairie soils which overlie a thick mantle of Wisconsinan-age loess. 
Present agricultural practices are typical of the prairie Corn Belt region. Land 
use is intensive-more than 90% devoted to production of corn and soybeans, 
and to a lesser extent small grains, livestock feeding, and pasturing. Nearly all 
row-crop acreage receives fertilizer and herbicide treatment, and there is liberal 
use of insecticides. Standard moldboard plowing has been the predominant 
method of tillage, but forms of minimum tillage have increased recently. Con-
tour and strip cropping, terracing, and use of grass waterways are common 
forms of soil conservation practices. Soil erosion losses, generally ranging 
between 1.6 to 2.5 x 104 kg/ha/yr, are considered moderate for the state. 
Headwater streams of the area are warmwater and are fed by surface 
runoff, natural subsurface seepage, and tile-drain water. Most have been pro-
foundly modified by agricultural land use and water management practices 
during the past century. Extensive stream channelization has been accomplished 
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Figure 1. Map of the study area and streams. Spots on streams indicate fauna! 
sampling sites. Inset state map shows location of the Cedar River 
basin; stipled rectangle identifies study area. 
to enhance land drainage and to place more land into production. In most 
places, streams are directly bordered by cropland, pasture, or narrow grassy 
buffer strips. In pasture lands, streamside fencing is rarely practiced, permitting 
livestock free access to the water. After heavy rains , extensive flooding is 
common. High levels of sediment, agricultural chemicals, crop residues, and 
livestock waste materials are frequently transported by the streams after run-
off events. 
The ten study streams are direct or indirect tributaries of the Cedar River 
(Fig. 1). They range from 42 to 78 sq km in drainage area and 15 to 33 km in 
perennial stream length. Stream gradients are low to moderate. All streams have 
been channelized to some extent . Soil associations reflect the prairie heritage 
of nine watersheds and a mixed prairie-forest landscape in another (Prairie 
Creek). Moderate woodland stands remain on uplands of several watersheds. 
Although historical information on the environments and biota of the 
creeks is very limited, it is reasonable to assume that, originally, the nine 
prairie streams were similar in their basic ecological features. On the other 
hand, the largely forested watershed and higher gradient of the tenth stream, 
Prairie Creek, imply a different natural environmental setting. 
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For convenience, the westerly Rock Creek studied in Tama County is 
hereinafter referred to as Rock-T Creek, to distinguish it from the easterly 
stream of the same name which is here termed Rock-B Creek. 
METHODS 
This study was designed as a pilot survey preparatory to a more compre-
hensive study on the influence of agricultural land use on stream ecology. 
Field _work w4s limited to three streams during July-November, 1979: Pratt, 
Twelve-Mile, and Four-Mile creeks. In spring 1980, sampling was expanded to 
include the other seven streams. However, premature termination of the pro-
ject's funding required cancellation of habitat structure measurements in three 
streams and placed limitations upon 1980 water quality analyses. 
For purposes of determining general seasonal and within-stream water 
quality variability, a quarterly sampling regime (Aug., Nov. 1979; Feb., May 
1980) was employed at an upstream and a downstream site in each of the three 
original study streams. Eleven water quality parameters (listed in Table 1) were 
analyzed by project personnel and the Analytical Services Laboratory of the 
Iowa State University Engineering Research Institute using standard procedures 
(APHA Standard Methods for Examination of Water and Wastewater, U. S. 
EPA Methods for Chemical Analysis of Water and Wastes). A more limited 
array of parameters (temperature, turbidity, suspended solids, dissolved oxy-
gen, nitrate-nitrogen, and total phosphorus) was measured in association with 
each fish and invertebrate collection. Travel distances precluded any systematic 
effort to sample water relative to specific hydrograph stages. High flows were 
sampled several days to two weeks after severe storms in July, August, and 
October 1979 and in May 1980. A large-runoff event produced by melting 
snow was sampled in February 1980. Most water sampling in fall 1979 and 
spring 1980 was done during a slowly receding hydrograph or at base flow. 
Stream physical habitat features were measured during summer low-flow 
conditions at eight 100 m reaches along the lengths of Prairie, Pratt, Rock-T, 
Rock-B, Black Hawk, and Four-Mile creeks and at four 100 m reaches in 
Twelve-Mile Creek. Areas in the immediate vicinity of bridges were avoided. 
In Twelve-Mile Creek, cross-sectional transects were established at 10 m inter-
vals, i.e., 11 transects per site. In the other six streams, transects were at 20 m 
intervals, or six transects per site. Along each transect, water depth (to nearest 
1 cm) and substrate features were determined at quarter points. Percentages of 
substrate size-categories (clay, mud, sand, gravel, and rubble) were estimated 
visually through use of an underwater viewing tube. Visual estimates of the 
amount of instream and overhanging vegetation, and other forms of cover and 
of bedform and flow characteristics also were made along each transect. Deter-
minations of perennial stream length, gradient over that length, and percentage 
of channel straightened were calculated from measurements made on USGS 
1: 24000 scale topographic maps. 
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The macroinvertebrate communities of Pratt, Twelve-Mile, and Four-Mile 
creeks were sampled in summer 1979 at three stations on each stream (upper, 
middle, and lower reaches) by using Hester-Dendy type multiple-plate artificial 
substrate samplers. Samplers were constructed of eight masonite plates (0. 3 cm 
thick x 7.6 cm square), separated by 0.6 cm spacers. At each station, three 
replicate samplers were suspended from a steel field stake, which was driven 
into the streambed. Samplers were set 10 cm off the bottom in open raceways 
that were 0.5-1 m deep during low flow. Colonization times of three weeks 
permitted four collection periods during July-September. After being removed 
from the streams, samplers were maintained on ice and then disassembled with-
in one day, organisms and debris being scraped into a U. S. standard No. 30 
sieve. Sieved material was initially preserved in 10% formalin and later trans-
ferred to 85% ethanol. Collected animals were stained in Rose-bengal, identified 
to family or genus, and listed. Financial and time constraints precluded more 
detailed taxonomic determinations and calculation of sample weights. 
Fishes were collected at the three invertebrate sampling stations on Pratt 
and Four-Mile creeks and at the two lower sites on Twelve-Mile Creek at three-
week intervals during July-September 1979. During spring 1980, weekly col-
lections were made from late April to mid-June at a single downstream site in 
each of the ten streams. Collecting was accomplished by making approximately 
ten seine hauls over a 100 m reach with a standard 15 ft (4.6 m), ~ in (0.64 
cm) mesh minnow seine. Collected fish were field preserved in 10% formalin. 
In 1979, all collected fish were preserved, but in 1980, only representative 
samples of each species were taken. In the laboratory, fish were listed according 
to species and weighed (to nearest 1.0 g). 
Standard statistical analyses followed procedures described in Steel and 
Torrie (1960). The 5% level of significance (P = 0.05) was used to infer statis-
tical differences between samples. Aspects of fish community structure were 
examined by application of Brillouin's diversity index, H, as expressed by 
Lloyd et al. (1968). The species richness component, D, of this index was de-
fined according to procedures of Margalef (1968), and the equitability com-
ponent, E, was calculated by the method of Lloyd and Ghelardi ( 1964 ). Prin-
cipal components analysis of stream ecological parameters was performed by 
using Statistical Analysis System (SAS) procedures. 
RESULTS 
Stream Environments. Data on 11 water quality parameters measured quarter-
ly for Pratt, Twelve-Mile, and Four-Mile creeks revealed no significant within-
stream or between-stream differences by the t-test and analysis of variance 
(ANOVA), respectively. This result is attributable to the limited sampling 
schedule and high natural variation associated with seasonal flow differences. 
Nevertheless, Pratt Creek exhibited consistently higher water quality than did 
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Table 1. Water Quality Characteristics of Pratt, Twelve-Mile, and Four-Mile 
Creeks, Determined from Quarterly Sampling 1979-1980. Annual 
means (with one standard deviation in parentheses) are based on 
pooled data from two stations in each stream; sample size is N = 8. 
Maximum recorded levels are shown with stream and collection period 
noted in brackets. 
BOD (mg/1) 
Total solids (mg/1) 
Susp. solids (mg/1) 
Spec. Cond. (µmhos/cm) 
Turbidity (NTU) 
Total P (mg/1 as P04) 
Ortho P (mg/1 as P04) 
lnorg. N (mg/1) 
Organic N (mg/1) 







382 .8(28.9) 419.0(31.1) 











4.0(4.4) 13.3 [F,F] a 
5 33 .9(203.2) 940 [F,F] 
189.1(284.4) 766[F,F] 
560.1(111.0) 685 [F,A] 
22.7(17.5) 50[T,F] 
0.9(1.1) 2.6[F,F] 




18.9(3. 7) 26. 7 [T,N] 
aFirst letter in brackets identifies the stream : F =Four-Mile Cr ., T =Twelve-Mile Cr. Second 
letter identifies collection period: A= August , N =November, F = February. 
the other two streams, which were similar to each other (Table 1 ). Poorest 
water quality occurred during the February snowmelt runoff period as indi-
cated by maxima for biological oxygen demand (BOD), total solids, suspended 
solids, total P, ortho P, and organic-N. Most maxima were recorded for Four-
Mile Creek during this period. Other maxima usually associated with low flow 
conditions (e.g., specific conductance, inorganic-N, and silica) were registered 
in Four-Mile and Twelve-Mile creeks during August. 
Spring 1980 weekly water sampling focused on several parameters re-
garded as being particularly significant to the biotic productivity of the streams. 
These included the suspended load, recorded as turbidity and as total sus-
pended solids, and plant nutrients , measured as total phosphorus and nitrate 
nitrogen. This sampling season included an unusual April-May drought, a late 
May storm, and a subsequent runoff period in early June. 
Among streams draining row-cropped watersheds, the suspended load is 
commonly dominated by inorganic particles derived from soil erosion. Thus, 
measurements of turbidity and suspended solids may be expected to be strongly 
correlated. For survey purposes, rurbidometric data are attractive because 
of their simplicity and inexpensiveness. Duchrow and Everhart ( 1971) have 
cautioned, however, that turbidity values may be affected by particle size, 
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Table 2. Mean Turbidity, Phosphate and Nitrate Levels in the Study Streams, 
Spring 1980. Means underscored by the same line are not significantly 
different (P > 0.05) by Duncan's multiple range test. 






Streams: Pre Prt RoB 





































aStream identification codes: Pre= Prairie Cr., Prt =Pratt Cr., 12M =Twelve-Mile Cr., RoT = 
Rock-T Cr., RoB = Rock-B Cr ., Mil= Miller Cr., Mos= Mosquito Cr., BlH =Black Hawk Cr., 
4Mi = Four-Mile Cr., Mud =Mud Cr. 
shape, specific gravity, and refractive index, as well as by differences in accur-
acy between turbidimeters. To test the utility of the two measures for applica-
tion here, linear regression analyses were performed on log1 0 transformed data. 
For the entire 1979-1980 data set, the regression line was defined by the equa-
tion Y = 10.07X0 ·0 5 6 , where Y is suspended solids (mg/1) and X is turbidity 
(NTU). The parameters were significantly correlated (r = 0.96, N = 82), with 
the 95% confidence interval for the pooled-data regression encompassing the 
ten best-fit lines determined for the individual streams. These results suggest 
that the streams were similar in suspended load composition and that turbidity 
alone can serve as a reliable measure of its magnitude. Because the data were 
most comprehensive for turbidity, between-stream statistical comparisons 
utilized only this parameter. 
Recorded spring turbidity values varied widely among the streams, averag-
ing from 4.0 NTU in Prairie Creek to 20.8 NTU in Mud Creek. Between-stream 
differences in turbidity were declared highly significant by ANOVA (F = 7.23, 
df = 9 & 63, P = 0.0001). According to Duncan's multiple range test, turbidity 
in Prairie Creek was significantly less than that in any other stream (Table 2). 
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In agricultural watersheds, phosphorus losses are primarily associated with 
inorganic sediment in runoff. Among warm-season water samples collected 
here, a significant linear correlation existed between turbidity and total P 
(r = 0.91 , N = 74, P = 0.01). Spring seasonal averages for total P ranged from 
0.28 mg/1 in Prairie Creek to 0.65 mg/1 in Black Hawk Creek. The P relation-
ships between streams were similar to the pattern demonstrated for spring tur-
bidity (F = 3.00, df = 9 & 27, P = 0.01) except that few significant differences 
were determined by Duncan 's multiple range test . 
Between-stream differences in spring nitrate levels were highly significant 
(F = 5.27, df = 9 & 27, P = 0.0004) with nieans ranging from 6.9 mg/1 in 
Prairie Creek to 13 .4 mg/1 in Twelve-Mile Creek (Table 2). 
Comparison of all Table 2 data indicates that Prairie Creek carried lowest 
springtime levels of sediment and nutrients and that , among the others, Pratt 
Creek water was most similar. In contrast, Black Hawk, Four-Mile, and Mos-
quito creeks tended to have .highest loadings while Rock-T, Rock-B, Twelve-
Mile, and Miller creeks were variously intermediate. 
Channelization for agricultural and road construction purposes has exten-
sively modified the morphology of several streams, most notably Miller, Twelve-
Mile, Rock-B, and Four-Mile creeks (Table 3 ). Gradients are less than 2.5 m/km 
in most streams but are considerably higher in middle reaches of Prairie Creek. 
During summer low flow, Twelve-Mile Creek was the deepest and narrowest 
stream, conditions 'that promoted a fast current. Four-Mile and Rock-T creeks, 
on the other hand, were extremely shallow. Riffle areas in all streams are 
limited and proved difficult to accurately census by the cross-sectional transect 
method. Therefore, only general qualitative appraisals of bedform are given in 
Table 3. 
Although sand is the predominant substrate-type in all streams, the 
largest proportion of coarse particle sizes was recorded for Prairie and Pratt 
creeks (Table 4). Extensive gravel-rubble exposures also exist in Rock-B and 
Twelve-Mile creeks. Detailed substrate observations were not made along three 
streams but at fish collection stations , Miller Creek had a bottom with high 
proportions of fine gravel and hard clay while Mud and Mosquito creeks had 
shifting sand-mud bottoms similar to those of Black Hawk, Rock-T, and Four-
Mile creeks. 
Overhanging riparian vegetation is rare along the streams, in part because 
of the unstable, eroding streambanks and also because farmers periodically 
remove woody growth. Typically, undercut banks are limited to areas beneath 
tree roots and around snags. Submerged aquatic macrophytes were observed 
only in Prairie and Pratt creeks. In the former, dense Ceratopbyllum growths 
occurred in deeper raceways. Filamentous algae and diatom mats were abun-
dant on firmer surfaces in all streams. 
Fauna. High flows in July and August 1979 seriously interfered with coloniza-
tion of the artificial substrate samplers. After a mid-July storm, more than half 
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Table 3. Channel Morphologic and Hydrologic Characteristics m the Study 
Streams. 
% Gradient Mean Mean Pool-riffle 
Stream straightened m/km depth (cm) width (cm) development 
Mud Cr. 30 2.0 low 
Pratt Cr. 35 1.9 11.2 2.9 high 
Rock-B Cr. 47 2.0 13.5 4.7 high 
Prairie Cr. 4 3.7 18.8 4.6 high 
Miller Cr. 71 2.0 low 
Black Hawk Cr. 12 1.6 16.6 4.0 low 
Four-Mile Cr. 42 2.5 8.2 3.0 low 
Twelve-Mile Cr. 48 1.8 26.9 2.8 moderate 
Rock-T Cr. 8 1.6 8.7 3.1 moderate 
Mosquito Cr. 20 1.6 low 
Table 4. Substrate Characteristics in Seven Study Streams. Frequencies are 
based on visual estimates at 132 points in Twelve-Mile Creek and 144 
points in each of the other streams. Streams are arranged vertically in 
order of decreasing abundance of large Earticle-size substrates. 
Substrate size categories, proportion of total 
Streams Rubble Gravel Sand Mud Clay Detritus 
P'rairie Cr. 0.16 0.22 0.59 0.02 0.00 0.01 
Pratt Cr. 0.15 0.20 0.56 0.08 0.01 0.01 
Rock-B Cr. 0.05 0.24 0.66 0.02 0.02 <0.01 
Twelve-Mile Cr. 0.02 0.23 0.62 0.10 <0.01 0.02 
Black Hawk Cr. 0.03 0.11 0.72 0.14 0.00 <0.01 
Rock-T Cr. 0.01 0.13 0.54 0.33 0.00 0.00 
Four-Mile Cr. <0.01 <0.01 0.77 0.15 0.08 <0.01 
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of the samplers were lost, damaged, or buried. Moderate to heavy sedimenta-
tion which affected colonization occurred on samplers in Four-Mile and Pratt 
creeks during the remaining three sampling periods. Faster current conditions 
in Twelve-Mile Creek reduced sedimentation on samplers there. In all three 
creeks, maximum invertebrate densities developed during the September 7-26 
sampling period. 
For comparative purposes, only invertebrate data from two relatively 
stable discharge periods, July 26-August 15 and September 7-26, are shown in 
Table 5. The collected taxa represent 24 families, 14 of which commonly 
appeared. The colonizing organisms are arranged in the table according to 
trophic categories recognized by Cummins (1978). 
Among the common forms, the shredder-detritivore component included 
most prominently the amphipod Hyalella azteca (Talitridae) and the isopod 
Asel/us (Asellidae). Although small crayfish, Orconectes virilis (Cambaridae), 
were taken only rarely in the samplers, seining often produced many individ-
uals of all sizes, especially where current was slow and the bottom was littered 
with corn residue and other vegetative debris. All three taxa were particularly 
abundant in upper Four-Mile Creek. An insect shredder component, being 
restricted to a few individuals of the fami1ies Tipulidae, Dryopidae, and 
Haliplidae, was poorly represented in all streams (Table 5 ). Overall, shredders 
were only a negligible fraction of the invertebrates collected in Pratt and 
Twelve-Mile creeks but composed a substantial proportion of the Four-Mile 
Creek collections because of the abundance of Hyalella and Asel/us. 
Collector and scraper organisms dominated the invertebrate fauna of each 
stream. Midges (Chironomidae) were predominant everywhere, especially on 
Twelve-Mile Creek samplers during the final colonization period. Other impor-
tant groups included mayflies (Baetidae, Caenidae, Heptageniidae, Siphlon-
uridae, Tricorythidae), caddisflies (Hydropsychidae), and black flies (Simuli-
idae). The pattern of family importance was similar in Pratt and Twelve-Mile 
creeks where subdominants were hydropsychids, simuliids, heptageniids, and 
caenids . Hydropsychids and simuliids share habitat affinities for larger sub-
strate particles. In contrast, their importance was reduced in Four-Mile Creek 
where forms , especially heptageniids and caenids, that are more tolerant of soft 
bottoms assumed greater prominence. The seemingly depressed populations of 
sprawling-habit caenids in Twelve-Mile Creek collections may reflect scouring 
by the rapid current of that stream. 
Predacious insects were collected infrequently. The dipteran families 
Empididae and Ceratopogonidae and odonate families Calopterygidae and 
Coenagrionidae occurred at low frequencies and densities, and there were rare 
captures of adult dytiscid and gyrinid beetles. Inspection of original data 
indicates that the relatively high abundance of the burrowing ceratopogonids 
in Four-Mile Creek collections was associated with sampler sedimentation. 
Empidids were especially numerous at two Pratt Creek stations during the 
September colonization period. 
"C 
Table 5. Macro invertebrate Organisms Collected with Artificial Substrate Samplers During Two Colonization Periods: 
:;:i 
> 
July 26-August 15, and September 7-26, 1979. F indicates family frequency of occurrence among 18 samplers; § 
x shows mean number of organisms per sampler; sis one standard deviation. tTl > 
Pratt Cr. Twelve-Mile Cr. Four-Mile Cr. GJ 
:;:i 
F x F x F x s n 
Shredders-detri tivores c l" 
Talitridae (Hyalella) 0.72 1.6 1.3 0.22 0.2 0.5 0 .67 26.7 5.2 ...., c 
Asellidae (Asel/us) 0.11 0.2 0.5 0.00 0 .39 2.0 1.4 :;:i 
> 
Collectors (gatherers, filterers) l" C/'J 
and scrapers ...., :;:i 
Chironomidae 1.00 102.8 10.1 1.00 222.8 14.9 1.00 101.9 10.1 tTl 
Simuliidae 0.50 31.2 5.6 0.39 52.5 7.3 0.22 0.4 0.7 ~ 
Baetidae (Bae tis) 0.72 4.6 2.2 0.39 2.4 1.6 0.56 1.4 1.2 C/'J 
Caenidae ( Caenis) 0.94 24.6 5.0 0.61 2.6 1.6 0 .94 31.1 5.6 
Heptageniidae (Heptagenia, 1.00 40.5 6.4 0.89 36.6 6.1 1.00 87.2 9.3 
Stenacron, Stenonema) 
Siphlonuridae (Isonychia) 0.44 4.0 2.0 0.22 3.4 1.8 0.61 6 .3 2.5 
Tricorythidae (Tricorythodes) 0.28 0.8 0.9 0.05 0.1 0.2 0.17 0.2 0.5 
Hydropsychidae (Cheumato- 0.83 76.6 8.8 0.67 74.7 8.6 0.07 9.6 3.1 
psyche, Hydropsyche) 
Engulfers (predators) 
Ceratopogonidae 0.11 0.1 0.2 0.28 0.5 0.7 0.67 4.8 2.2 
Empididae 0.56 5.0 2.2 0.33 1.7 1.3 0.56 1.5 1.2 
Calopterygidae ( Calopteryx, 0.33 0.4 0.7 0.11 0.1 0.3 0.11 0.2 0.4 
Hetaerina) 
Coenagrionidae (Argia, 0.22 0.4 0 .7 0.11 0 .2 0.4 0.28 0.7 0.8 
Enallagma, Ishnura) 
Rare taxa collected at frequency of 0.1 or less include: Shredders - Cambaridae (Orconectes virilis), Tipulidae, Dryopidae (Helichus), Haliplidae; 
Collectors - Hydroptilidae (Hydroptila), Leptoceridae (Nectopsyche), Elmidae (Macronychus, Stene/mis), Polymitarcyidae ; Engulfers -
Dytiscidae, Gyrinidae. ... 
VI 
.... 
°' Table 6. Fishes Collected in the Studr Streams, Summer 1979 and SEring 1980. 
Species Streams a 
Prt Mil RoT 4Mi Pre RoB 12M BlH Mos Mud 
Cyprinidae 
Campostoma anomalum - stoneroller + + + + + + + + + + 
Cyprinus carpio - carp + + + 
Hybognathus hankinsoni - brassy minnow + + + + + + + + + 
Nocomis biguttatus - hornyhead chub + + + + + + + 
Notropis cornutus - common shiner + + + + + + + + + + 
Notropis dorsalis - bigmouth shiner + + + + + + + + + + 
Notropis rubellus - rosyface shiner + + + 
Notropis spilopterus - spotfin shiner + + + + + + + 
Notropis stramineus - sand shiner + + + + + + 
Phenacobius mirabilis - suckermouth minnow + + + + + + 
Phoxinus erythrogaster - southern redbelly dace + + 
Pimephales notatus - bluntnose minnow + + + + + + + + + + 
Pimephales promelas - fathead minnow + + + + + + + + + + 
Rhinichthys atratulus - blacknose dace + + + + + + + + + + 
Semotilus atromaculatus - creek chub + + + + + + + + + + 
Catostomidae 
Carpiodes carpio - river carpsucker + + + 
Carpiodes cyprinus - quillback + + 
Catostomus commersoni - white sucker + + + + + + + + + + 
~ 
Hypentelium nigricans - northern hog:sucker + + t'%'.1 
Moxostoma duquesnei - black redhorse + z N 
Moxostoma erythrurum - golden redhorse + + + 
t'%'.1 
t""' 
Moxostoma macrolepidotum - shorthead redhorse + + ~ 
~ 
(Continued on next page.) 
"'O 
:::ti 
Table 6 (continued). Fishes Collected in the Stud~ Streams, Summer 1979 and SEring 1980. > 
~ 
Species Streams a ;; 
Mil 4Mi BIH >-Prt RoT Pre RoB 12M Mos Mud C) 
:::ti 
Ictaluridae () c 





Culaea inconstans - brook stickleback t""' + (/) ...., 
:::ti 
Centrarchidae tr1 
Lepomis cyanellus - green sunfish + + + + ~ (/) 
Mtcropterus dolomieui - smallmouth bass + + + + 
Micropterus salmoides - largemouth bass + 
Percidae 
Etheostoma ftabellare - fantail darter + + + 
Etheostoma nigrum - johnny darter + + + + + + + + 
Total Number of SEecies 25 19 18 18 15 15 14 13 12 11 
aStream codes as in Table 2. 
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During 1979-1980, seine collections yielded 29 fish species representing 
six families (Table 6). Minnows (Cyprinidae) were the community dominants in 
all streams, totaling 15 species. Most cyprinid species were common throughout 
the study area, but several were restricted to one or a few streams. Collected 
minnows included young-of-the-year to adults for most species. Seven sucker 
species (Catostomidae) were taken, usually in small numbers and primarily 
as juveniles. In addition, one catfish (Ictaluridae), the black bullhead, was 
encountered occasionally and mainly as juveniles. The brook stickleback 
(Gasterosteidae) was found rarely and only in Pratt Creek. Among sunfishes 
(Centrarchidae), the green sunfish and the smallmouth bass appeared uncom-
monly and then chiefly as young. A single juvenile largemouth bass was taken 
in Four-Mile Creek after a flood and is regarded as a waif from a farm pond. 
Two species of darters (Percidae) were collected with the johnny darter being 
more ubiquitous than the fantail darter. 
Summer 1979 fish collections in Pratt, Twelve-Mile, and Four-Mile creeks 
are compared in Table 7. On the average, greatest numbers and weights of fish 
were taken in Pratt Creek, but this relationship was not statistically significant 
for weight. Species diversity, by Brillouin's H, was also greatest for Pratt Creek 
samples, owing chiefly to greater species richness (D) there. Equitability values 
(E) were low and not statistically distinguishable among the three streams. This 
reflects the domination of most samples by a few abundant cyprinid species. 
In spring 1980, weekly fish collecting in ten streams was designed to pro-
vide only relative species abundance information, for purposes of reducing 
labor in the field and laboratory. During each sampling effort, all specimens of 
rarely occurring species (1 or 2 individuals), uncommon species (3-13 individ-
uals), and common species (14-40 individuals) were kept. On the average, 
about 88% of the species in a sample were categorized as rare, uncommon, or 
common by these criteria with most (70%) being rare or uncommon. Only 
representative series of very common species ( 41-99 individuals) and abundant 
species (100+ individuals) were retained. 
Relative abundance data were used to make comparisons between the ten 
fish communities. For a given sample, each species was assigned an abundance 
rank, where 0 = absent, 1 = rare, 2 = uncommon, 3 = common, 4 = very com-
mon, and 5 = abundant. A total community abundance value was then deter-
mined as the sum of the individual species ranks. 
Relative abundance and ecological information on the ten most com-
monly collected species is presented in Table 8. Average abundance values for 
these dominants represent 82% to 99% of the community abundance averages. 
As a group, the dominants may be characterized as ecological generalists, 
notable for their tolerance of turbidity and associated environmental condi-
tions in agricultural streams (Muncy et al., 1979). Most are omnivorous, feeding 
on invertebrates, algae, and organic detritus. The reproductive strategies of 
Table 7. Comparison of Summer 1979 Fish Community Structure in Three Study Streams. ANOV A results for between-
stream differences are shown by the F statistic. Stream means for each parameter are given with one standard 
deviation in parentheses. Means connected by an underscored line are not significantly different according to the 
Duncan multiple range test. 
F Pratt Cr. Twelve-Mile Cr. Four-Mile Cr. 
df=2,17 N=8 N=6 N=9 
Number of fish 5.15* 543.0 (303.2) 150.0 (132.9) 202.5 (210.1) 
Total weight (g) 3.22 1710.9 (949.3) 1118.3 (784.6) 635 .8 (666.9) 
Species richness, D 22.88* 4.65 (0.68) 3.76 (0.58) 2.22 (0.77) 
Equitability, E 
Numerical 0.18 0.62 (0.20) 0.57 (0.16) 0.56 (0.18) 
Weight 0.96 0.57 (0.23) 0.58 (0.12) 0.70 (0.21) 
Diversity, H 
Numerical 11.89* 2.51 (0.40) 1.86 (0.31) 1.39 (0.53) 
Weight 5.33* 2.48 (0.29) 1.90 (0.36) 1.71 (0.62) 
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these species are diverse (Muncy et al. , 1979), but all are bottom spawners 
accepting substrates of sand, fine gravel, and debris. 
Among these fish communities, eight species may be regarded as intol-
erant to conditions of turbid water and fine-particulate substrates (Table 9). 
Total abundance values for these environmentally sensitive fishes were low in 
all streams and range from 0% in three streams to 15 % of the Prairie Creek 
community abundance rating. Seven of these species are lithophils sharing a 
spawning habitat requirement for larger substrate particles (coarse gravel to 
rubble). The brook stickleback is unique, constructing a nest of algae and 
vascular plant material near the bottom. In addition to their shared require-
ments for reproduction, these species also tend to utilize similar food resources , 
primarily aquatic invertebrates . Except for the largely herbivorous southern 
redbelly dace and the suctorial northern hogsucker and black redhorse, the 
fishes are active sight-feeders. Comparison of tables 8 and 9 suggests an inverse 
relationship between abundance of the environmentally tolerant community 
dominants and the environmentally sensitive species. 
Among the remaining species collected occasionally in spring, all are 
tolerant of at least moderately turbid conditions, and several are notable for 
their success in such environments: carp, carpsuckers, black bullhead, and 
green sunfish. Most achieve greatest population densities in larger streams but 
utilize creeks as spawning and nursery areas. 
Between-stream Ecological Affinities. An ecological comparison of the ten 
streams was performed by principal components analysis based on 12 measured 
variables. Water quality parameters included spring 1980 means for turbidity, 
total P, and nitrate-N. Habitat structure variables were proportion of stream 
channelized, gradient, pool-riffle development, proportion of substrate as 
gravel-rubble, and presence of submerged macrophytes. Fish community 
parameters were 1980 species richness , total relative abundance, and propor-
tional abundance of invertivores and lithophils . Among the nine generated 
principal components, the first three accounted for 78% of the correlation 
matrix total variance. Component 1 contributed 5 3% of the variance through 
important loadings on the water quality variables, three habitat structure 
variables, and percentage invertivores and lithophils. Component 2 accounted 
for 15% of the variance with major loadings on percentage channelization and 
fish species richness and total abundance . A plot of the first and second prin-
cipal components of the ten streams is shown in Fig. 2. Positive component 1 
values tend to describe better habitat quality and fish communities with 
greater proportions of environmentally sensitive species. Positive component 2 
values generally reflect conditions of extensive channelization and fish com-
munities of greater species richness and relative abundance. Ordination of 
streams in Fig. 2 suggests an ecological classification described in Table 10. 
This arrangement recognizes the ecological distinctiveness of the high gradient, 
'"O 
:;i;:i 
Table 8. Ecological Characteristics and Relative Abundance of Dominant Fish Species Collected in Spring 1980. Mean >-s;; 
abundance terms range from 0 (absent) to 5 (abundant); see detailed explanation in text. Streams are ordered, ;; 
from left to right, according to increasing community dominance of these species. > CJ 
:;i;:i 
Trophic Spawning Relative Abundance cs c 
Group a Habitat Pre Prt RoB 4Mi RoT Mos Mil BlH 12M Mud l' ...., 
c 
:;i;:i 
Bigmouth shiner 0 sand 4.1 4.6 4.0 4.3 4.4 4.4 4 .0 3.1 4.3 4.0 >-l' 
Ul 
Common shiner 1-0 sand-gravel 3.3 2.3 3.0 3.4 2.7 0.3 1.9 1.4 2.6 1.9 ...., :;i;:i 
Blacknose dace gravel 0.3 2.3 2.5 1.0 2.9 2.4 2.3 2.0 4.0 2.9 
~ 
~ 
Creek chub 1-0 mud-gravel 2.0 2.8 2.5 1.6 1.6 1.9 2.6 2.5 1.4 2.9 Ul 
Stoneroller H gravel 3.4 2.6 1.9 1.4 2.3 1.3 2.3 1.3 2.6 1.6 
Bluntnose minnow 0 sand-gravel 2.0 1.8 2.0 2.9 2.6 0.9 2.0 1.8 2.0 0.6 
Fathead minnow 0 debris 0.5 2.0 1.8 3.4 2.6 1.1 1.7 1.9 1.7 0.3 
Johnny darter cavities 1.5 1.9 0.9 0.0 1.1 0.3 1.6 1.1 0.0 0 .6 
Brassy minnow 0 debris 0.0 0.4 0.5 1.4 1.4 1.3 1.6 0 .8 1.0 0.1 
White sucker 1-0 variable 1.6 0.8 0.9 0.1 0.3 0.3 1.3 1.4 1.1 0.5 
Total 18.7 21.5 20.0 19.5 21.9 14.2 21.2 17 .3 20.7 15 .4 
% of total 
Rel. Abund. 82 84 84 84 85 88 93 93 96 99 




Table 9. Ecological Characteristics and Relative Abundance of Turbidity /Sediment Intolerant Fishes Collected in Spring 
1980. Mean abundance values range from 0 (absent) to 5 (abundant) ; see detailed explanation in text .. Streams are 
ordered, from left to right, according to decreasing community importance of these species. 
Trophic Spawning Relative Abundance 
Category a Habitat Pre RoB Prt Mil RoT Mud 12M Mos 4Mi BlH 
Fantail darter crevices 1.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Smallmou th bass 1-P gravel 1.0 0.0 0 .1 0 .1 0.1 0.0 0.0 0.0 0.0 0.0 
N. hogsucker gravel 0.0 0.1 1.1 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 
Rosyface shiner 1-0 gravel 0.0 0.0 1.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 
Hornyhead chub 1-0 gravel 0.5 1.0 0.1 0.3 0 .1 0.1 0.1 0.0 0.0 0.0 
S. redbelly dace 0 gravel 0.0 1.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
Black redhorse gravel 0.1 0.0 0 .0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 
Brook stickleback vegetation 0.0 0.0 0 .1 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 
Total 3.5 3.4 2.4 0.6 0.3 0.1 0.1 0.0 0.0 0.0 
% of total 
Rel. Abund. 15 14 9 3 1 1 <1 0 0 0 s: 
tT1 z 
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Figure 2. Ecological relationships of the study streams, plotted relative to the 
first two principal components. 
Table 10. Ecological Classification of the Study Streams Derived from Principal 
Components Analysis. 
Habitat Quality Fish Community 
Water Structure Richness Abundance Structure 
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relatively unmodified forest stream, Prairie Creek (Group IV). The most 
parsimonious arrangement of the nine prairie-agricultural streams produc~s 
three groups. Group III streams exhibit least disturbance of ecological integrity, 
and of these Pratt Creek may most closely resemble the natural condition of 
the prairie-type stream. In contrast, Group I streams have been most severely 
degraded by cultural practices, whereas Group II streams are variously inter-
mediate between Group I and III creeks. Reference may again be made to 
tables 1, 5, and 7 which present supplemental information for Pratt and Twelve-
Mile creeks (Group III) and Four-Mile Creek (Group II) which is consistent 
with this interpretation. 
DISCUSSION 
Natural Iowa Prairie Streams. Settlement and agricultural development of the 
study area commenced in the late 1840s and early 1850s. Reports of the fed-
eral land surveys, conducted in 1844-184 7, and the first state geological survey 
(Hall and Whitney, 185 8) describe a rolling prairie that was interrupted only by 
scattered woody groves on the uplands and sparse timber stands along the 
larger streams and rivers. Headwater creeks arose out of broad marshy depres-
sions, the prairie swales, which slowly contributed drainage water thr-ough 
perennially flowing springs. A descriptive, albeit romantic, account of the un-
spoiled prairie creeks was provided by the Iowa journalist Herbert Quick 
(1925), when recalling his boyhood experiences on the Grundy County prairie 
of the 1860s. He wrote that: 
Between the watersheds and at distances of two or three miles from 
one another were little clear brooks with banks of black sod, their 
waters flowing on floors of bright colored glacial pebbles; their ex-
pansions little pools covered with the pads of the yellow pond lily or 
lotus. These streams could be stepped across almost everywhere. They 
were beautiful little brooks, so clear, so overarched with tall grasses and 
willows, so plaided with the colors of the pebbles in the sun, so dark 
and mysterious in the shade; with secret pockets under the soddy 
banks for the shiners, pumpkin seeds, dace, chubs and other small fish 
which populated the pure waters . ... And the fishing! The angler 
could usually see the prey as it approached the bit of fat pork or the 
white grub or angleworm on the hook. The hook was usually not four 
feet from the boy's eyes as he stood in the tall grass and watched the 
fish emerge from under the bank to take the bait. 
But within the span of a single human lifetime, settlement and agricultural 
development of the Iowa prairie induced rapid ecological alterations of the 
prairie streams. In Quick's words: 
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All those beautiful brooks are now forever gone . They were such 
lovely little streams to us children who knew them so well ; but they 
were like delicate flowers, too tender for the touch of humanity. In 
those old days the water of the rains flowed freely down the slopes 
and into the sloughs to seep gradually into the brooks. Then came 
the human flood and turned those slopes into plowed farms. The 
water sank into the cultivated earth to nourish the crops, the waters 
of the brooks gradually dried up save in wet weather, and the reg-
imen of even the rivers fell to half or a quarter of its old-time fullness. 
The little streams had banks with none of the stony protection with 
which brooks of other lands are provided. Now they are poached 
into mud by hoofs of herds in the pastures and are merely swales of 
muck in wet, and cracked and caked earth in dry weather. I am not 
mourning for them. I am lovingly writing their epitaphs. There is 
nothing more beautiful in its way than a well-cultivated Iowa corn-
field, with its deep-green rows of maize slanting in the breeze; or a 
field of oats of a still morning, with its nodding heads jeweled with 
dew; or a green pasture, with its grazing herd; but they have dis-
placed something the beauty of which will never return, and may be 
recalled to memory as a rare and beautiful thing in a gallery of pic-
tures in the Land of Nevermore; and not without a touch of sadness, 
in spite of the inevitability of its passing. 
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It is forever regrettable that natural history surveys of the prairie waters 
were not begun until well after the close of the pioneer period in Iowa, for by 
that time the process of ecological change was well under way. Writing in more 
prosaic fashion on the conditions of his day, Meek (1893) stated: 
The streams of Iowa have undoubtedly changed much since the 
country has become so thickly settled. The soil, since loosed with 
the plow is much more easily washed into the streams than when it 
was covered with the stiff native sod. The more thorough under-
draining and the surface ditches enables the water, after heavy rains, 
to find its way at once into the large creeks and rivers.Thus the water 
in the streams is muddier than formerly; in wet weather is deeper , 
and in dry weather is more shallow. 
Prairie-agricultural Streams Today. Although none of the study streams have 
escaped the century-long influence of agricultural and other human activities, 
they present sufficient ecological variety to permit interpretations on the 
historical impacts of these environmental perturbations. 
Unquestionably, streams of the present carry greatly elevated sediment 
loads as compared with the pre-settlement condition. In the case of Four-Mile 
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Creek, a turbid Group II stream, annual loadings from the watershed range 
from about 100 kg/ha in a drought year (1977) to 7600 kg/ha in 1979, a year 
of above normal runoff (personal communication, James L. Baker, Department 
of Agricultural Engineering, Iowa State University). For point of reference, 
mean turbidity values of Four-Mile Creek water in 1979-80 were two to three 
times greater than those of Group III Pratt Creek and four to five times those 
of Group IV Prairie Creek. From such comparisons, it seems reasonable to sug-
gest that many Iowa prairie-agricultural streams now transport annual sediment 
loads that are an order of magnitude greater than the original condition. 
Total P, nitrate-N, and other measured water chemistry constituents were 
present in the study streams at levels commonly found in drainages from 
corn, soybean, and mixed cover agricultural watersheds (Baker, 1980). Despite 
a number of studies implicating agricultural practices with elevated nutrient 
loading of drainage water (e.g., Miller, 1979; Wendt and Corey, 1980), the 
extent to which prairie-agricultural streams have been affected in this fashion 
is unclear. Timmons and Holt (1977) reported that a natural prairie in west-
central Minnesota acted as a nutrient sink, but there is paleolimnological evi-
dence that prairie waters were naturally eutrophic (Allan et al., 1980). 
Alterations in hydrology and channel morphology described nearly a 
century ago by Meek were clearly evident in the study streams. After major 
storm events in 1979 and 1980, stream hydrographs peaked rapidly, and flood-
ing was extensive. During low-flow periods, most streams contained lengthy 
sand-bottomed stretches of very shallow water , and during the 1977 drought 
year Four-Mile Creek, at least, was intermittent (USGS gaging station records). 
Whereas the streams probably occupied narrow, highly meandering channels 
less than 1 m deep in their natural condition (Savage, 1905), at present they 
flow through straightened, wide, erosionally degraded channels. Especially 
among Group I and II streams, the creek beds lie from 2 to 3+ m below bank 
height, and channel widths range from 3 to 10 m. Measures on Four-Mile 
Creek from 1964 to 1980 illustrate the magnitude of the continuing channel 
morphologic adjustments (Hamlett et al. , 1983). Over the 16-year period, aver-
age channel cross-sectional area increased by 43%. In form, this represented an 
average width increase of 0.09 m/yr and depth increase of 0.02 m/yr. Early 
anecdotal accounts and comparison of substrate conditions among the study 
streams additionally imply a significant historical increase in finely particulate 
bottom materials, especially sand and silt, and a concomitant decline in coarser 
substrate types. As described by Larimore and Smith (1963), Leedy (1979), 
and Trautman (1981) , similar histories of hydrologic and morphologic dis-
equilibrium among prairie-agriculture streams are known throughout the Corn 
Belt. 
Adjustments of stream biota to these long-term trends of habitat modifi-
cation are evident at all levels of community structure and function. Relictual 
patches of aquatic macrophytes in Prairie and Pratt creeks bear witness to the 
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formerly well-vegetated condition of prairie streams noted by Trautman (1981 ). 
Today among Iowa streams, where neither P or N are limiting, bloom propor-
tions of periphytic and detached algae typically constitute the bulk of primary 
production (Swanson and Bachmann, 1976). Karr and Dudley (1981) reported 
that filamentous algal growths in Indiana agricultural streams had disruptive 
influences through organic loading and modification of substrates and current 
velocities. In the Iowa study streams, however, filamentous algal production 
was moderate, and there were no obvious adverse ecological consequences of 
suspended and epilithic diatom blooms. 
In low-order woodland streams that receive allochthonous inputs of leaf 
litter and other terrestrial organic detritus, macroinvertebrate communities are 
dominated by insect shredders that process the coarse organic material and 
make it available in fine particulate form to collector invertebrates (Cummins, 
1978; Vannote et al., 1980). In agriculturally modified streams, however, re-
duction of natural detrital inputs in combination with high algal production 
promotes community dominance by collectors and scrapers (Karr and Dudley, 
1981). Results of the present study agree with those of King (1976), Moore 
(1977), and Zimmer and Bachmann (1978) that invertebrate communities in 
Iowa agricultural streams are similarly constituted. In the study streams, the 
shredder niche is occupied by the noninsect detritivores Asellus, Hyalella , and 
Orconectes. Lack of comparative information on invertebrates of unaltered 
prairie streams complicates a historical interpretation of this community 
structure. Assuming that deciduous riparian vegetation was sparse along natural 
prairie creek channels, it is possible that relatively little functional difference 
exists between present and past communities. On the other hand, presumptive 
historical alterations of stream substrate and vegetation may have promoted 
taxonomic restructuring of the several functional invertebrate assemblages. 
Evidence given here suggests that forms requiring coarse substrates (e.g. , many 
plecopterans, trichopterans, and simuliids) may have declined in community 
importance while burrowing forms and others tolerant of soft stream bottoms 
may have increased (e.g., chironomids, some ephemeropterans). 
Throughout the agricultural Midwest, post-settlement alterations of 
aquatic environments are recognized as the primary agent of change among the 
regional ichthyofauna (Bailey, 1956; Smith, 1971; Cross and Collins, 1975; 
Trautman, 1981). Numerous fish species adapted to conditions of clear water, 
firm substrates, and lush aquatic vegetation have been widely decimated and 
replaced by tolerant forms, some of whom are invaders from turbid plains 
streams. Nearly a centry ago, Meek (1892) stated that " ... many [Iowa] 
streams, formerly deep and narrow, and abounding in pickerel, bass, and cat-
fishes, have since grown wide and shallow, and they are inhabited only by bull-
heads, suckers and a few minnows." Forty years later, Aitken (1936) opined 
that within the Cedar River basin, decreases in clearwater fishes such as small-
mouth bass, darters, and certain minnows had occurred while "mud-loving" 
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fishes had increased. Although detailed comparative ichthyofaunal information 
is limited (Jones, 1929; Cleary, 1953), the available evidence suggests that 
fish communities of the study streams have changed only slightly during the 
past 50 years. It is probable that some local species extirpations have occurred 
and that there have been minor adjustments of relative community importance 
among the species. The present survey collected only one species not previously 
reported for creeks of the Cedar River basin, the black redhorse, a rare clear-
water fish present in Prairie Creek. There were no evident area-wide extirpa-
tions, but the list of environmentally sensitive fishes in Table 9 could also serve 
to identify probable declining species. The southern red-belly dace, hornyhead 
chub, rosyface shiner, and smallmouth bass seem to have suffered substantial 
decline in distribution and abundance, as they have elsewhere in the Corn Belt 
(Smith, 1979; Trautman, 1981). The present dominants, however, seem to have 
changed little in community status during this period. King ( 197 3) reached the 
same conclusion in his comparison of minnows and darters collected in 194 7 
and 1972 in Boone County, Iowa. Likewise, Larimore and Smith (1963) 
stated that changes in the ichthyofauna of Champaign County, Illinois, were 
greater during the 1890s-1928 period than during 1928-1959. At least in part, 
this may be attributable to the intensive land drainage, stream channelization 
activity, and rapid increase in row cropping which occurred in all three areas 
during the late nineteenth and early twentieth centuries. Although increasing 
agricultural demands have been made on the watersheds since that time, the 
relative rate of environmental change probably has declined over the past 50 
years. 
Restoration of aquatic ecosystems in agricultural environments poses a 
long-term challenge requiring the efforts and cooperation of the agricultural 
community with relevant natural resource management agencies and disciplines; 
viz., ecology, hydrology, geomorphology, agronomy, and agricultural engineer-
ing, among others. Operationally, there is need for management strategies 
applied to the small watershed level and based upon a holistic concept of ter-
restrial and aquatic linkages (Karr and Schlosser, 1978). To this end, Karr and 
Dudley (1981) have advanced a Best Management Systems (BMS) approach for 
rehabilitating agricultural drainages while maintaining acceptable levels of 
agricultural production. This approach would utilize a variety of land and water 
management practices, as needed to remedy local problems. Standard soil and 
water conservation practices can be a useful component, but because they are 
designed to enhance terrestrial productivity, they should not be expected to 
serve aquatic ecosystems equally well. Documented high rates of instream 
erosion in many areas indicate that strategies for channel and hydrologic 
stabilization will be critical to the success of some restoration plans. Among the 
variety of available Best Management Systems, several conceptual elements 
form a unifying theme: ( 1) special focus on critical areas and practices that 
contribute most to deterioration of aquatic environments (Schlosser and Karr, 
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1981 ), (2) preservation of existing "oases" of relatively natural stream areas 
(Marsh and Luey, 1982), and (3) maintenance of riparian buffer zones between 
streams and agricultural areas (Karr and Gorman, 1975). Such efforts have 
potential to improve ecological integrity in both headwaters and downstream 
receiving areas at minimal cost to agricultural production. Concomitant benefits 
may ensue to agriculture through watershed conservation and stabilization and 
to the public through improved terrestrial wildlife habitat and aesthetic appeal 
of agricultural land. Certainly the fondly remembered prairie creeks of Herbert 
Quick's childhood cannot be reclaimed from the Land of Nevermore, but 
increasing public environmental knowledge and concern offer promise that 
future generations of small boys will again thrill to the sight of "those magnifi-
cent creatures the pumpkin seeds" approaching slowly from some secret place 
in a prairie creek to take a proffered bait. 
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A SIMPLE PHYSIOLOGICAL MODEL FOR FLOWER INDUCTION 
INVOLVING CIRCADIAN RHYTHMS AND PHYTOCHROME 1 
Fermando H. Andrade2 and Clifford E. LaMotte3 
31-44 
ABSTRACT. Circadian rhythms , phytochrome, and evidence for their involvement in 
photoperiodism are reviewed. It is suggested that inhibitors and promoters of flowering are 
produced according to the combined effect of phytochrome and an endogenous clock. 
Coincidence between the physiologically active form of phytochrome and the high mem-
brane permeability phase of the clock is considered to be critical in flower induction. It is 
proposed that this coincidence is responsible for the production of inhibitors of flowering 
in short-day plants and promoters of flowering in long-day plants. 
Index Descriptors: flower induction, phytochrome, circadian rhythms, photoper-
iodism, biological clock, and biological rhythms. 
INTRODUCTION 
Evidence suggests than an internal clock, as manifested in circadian 
rhythms, and phytochrome are both involved in the mechanism enabling plants 
to measure daylength (photoperiodism), but it is not clear how these two parts 
interact. A simple model, involving these two parts and based on features de-
rived from earlier proposals, is herein presented. 
As a basis for understanding the model, circadian rhythms, phytochrome, 
and evidences for their involvement in photoperiodism are first reviewed. 
PHYTOCHROME 
Phytochrome is the photoreceptor involved in a vast range of develop-
mental responses of plants to light. The presence of phytochrome has been 
reported from every important taxonomic group except the fungi (Mitrakos 
and Shropshire, 1972; Smith, 197 5 ). The processes controlled by phytochrome 
range from germination of some kinds of seeds to floral initiation in many 
species of angiosperms. 
Phytochrome is a water-soluble chromoprotein which exists in two photo-
convertible forms. The PR is the physiologically inactive form that absorbs 
light maximally in the red region (660 nm). The PFR is the physiologically 
1 Journal Paper No. J-11314 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project No. 2492 . The authors thank Dr. I. C. Anderson and Dr. R. M. 
Shibles for their valuable help. 
2 Research Assistant, Department of Agronomy, Iowa State University, Ames, IA 50011. 
3Professor, Department of Botany, Iowa State University, Ames, IA 50011 . 
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active form that absorbs maximally in the near far-red region (730 nm). Change 
from the PR form to the PFR form occurs when the pigment is illuminated 
with red light; the reverse change from PFR to PR occurs on illumination with 
far-red light. Transformation from PFR to PR may occur slowly during dark-
ness in some plants but not in others. 
Phytochrome-mediated reactions may be brought about by gene activa-
tion or repression, by membrane permeability alteration, or by hormone activa-
tion. Phytochrome may alter enzyme levels in cells by controlling the activity 
of key genes that govern metabolism (Schopfer, 1977). Some observations indi-
cate that it may also promote the production and/or turnover of hormones or 
may be necessary for the action of an endogenous hormone. Membrane-bound 
enzymatic activities can be modulated via phytochrome (Marme, 1977). It has 
been suggested, too, that PR is loosely associated with the surface of selectively 
permeable membranes that are impermeable to various water-soluble com-
pounds. On photoconversion to PFR, the phytochrome molecule assumes a 
new shape with different surface properties, which can bind to subcellular 
structures. This binding produces a modification in the permeability character-
istics of the membranes and allows a redistribution of a number of water-
soluble compounds that are normally compartmented. The released compounds 
could be hormones, ions, or metabolites which may mediate the phytochrome-
controlled responses (Hendricks and Borthwick, 196 7; Marme, 1977 ). 
CIRCADIAN RHYTHMS 
A circadian rhythm is an oscillation in a biochemical, physiological, or 
behavioral function which, under conditions in nature, has a period of exactly 
24 hr, so that it can phase with environmental light and darkness. Under 
artificial conditions of constant light and temperature, it continues to oscillate 
with a periodicity of approximately 24 hr (Sweeney, 1976). Leaf movement, 
petal movement, rate of growth of various organs, concentration of pigments, 
stomatal opening and closing, timing of cell division, photosynthesis, and 
respiration all show circadian rhythmicity in plants. 
Circadian rhythms, which in the absence of environmental cues are called 
free-running rhythms, are generated by an endogenous clock. They approxi-
mate a 24 hr periodicity. On a daily basis, they are adjusted to a precise 24 hr 
cycle by the environmental cues, i.e., light and dark. The daily adjustment to 
maintain synchrony with the environment is called entrainment. The most 
common environmental cue is either sunset or sunrise. Organisms are not 
equally sensitive to time cues during a 24-hr period. A phase response curve is 
obtained when the changes in phase (advances or delays of the internal clock) 
are plotted as a function of time in the cycle when the external cue was applied. 
Little is known about the internal mechanisms of biological clocks, 
i.e., circadian rhythms. The three most accepted theories are that (1) a slow 
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cyclical transcription of DNA occurs in the nucleus of the cell, (2) frequency 
reductions occur in relatively high-frequency biochemical oscillations, and (3) 
slow, cyclical permeability changes occur in cell membranes . The last theory is 
generally the most accepted (Brady, 1979). 
EVIDENCE FOR THE INVOLVEMENT OF CIRCADIAN RHYTHMS IN FLOWERING 
'Biloxi' soybean [Glycine max (L.) Merrill] , a short-day plant, will not 
flower if grown under long days. Figure 1B represents an experiment in which 
soybean plants were exposed to seven cycles with each cycle consisting of 8 hr 
of light associated with a dark period of varied duration. The total number of 
nodes flowering per ten plants followed a cycle with peaks every 24 hr. The 
same results can be obtained by . using long nights with light breaks at different 
parts of the night (Fig. lA). The optimum night-break response occurs after 
8-10 hr of darkness, irrespective of the duration of the night. The night-
interruption phenomenon (expressed as inhibition of flowering) shows three 
peaks 24 hr apart. These correspond to the time when the plants normally 
would have been in darkness. 
Pigment shift was complete during the early hours of the 64-hr dark 
period. Possibly, light breaks inhibit flowering because they convert PR to 
PFR, but yet, the consequence of PFR presence depends clearly upon when 
interruption of the dark period occurs. Note that interruption of the dark 
period means resetting of the clock. 
The effect of the light breaks depends upon the timing of the interrup-
tion. This then suggests that a circadian (internal) rhythm plays an important 
role in the flowering process (Hamner, 1963; Hamner and Takimoto, 1964; 
Kinet et al., 1973). 
In general, the characteristics of endogenous circadian rhythms are appli-
cable to photoperiodism. These include period inexactness, continuation in 
constant environment for at least a few cycles, shifts in the phase response 
curve, capacity to be entrained by a single stimulus, a high capacity for tem-
perature compensation, and reduction of the rhythm in continuous light. 
EVIDENCE FOR THE INVOLVEMENT OF PHYTOCHROME IN FLOWERING 
During the day, phytochrome concentration in leaves is constant, and this 
pigment cycles between PR and PFR in a photostationary equilibrium in which 
PFR reaches its maximum and/or effective concentration. At night, PFR 
decreases in concentration by reversion to PR or by breakdown, whereas PR 
accumulates due to new synthesis or reversion (Vince-Prue, 1982). PFR in-
hibits floral induction in short-day plants but promotes induction in long-
day plants. 
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Figure lA. Flowering response of Biloxi soybean to 4 hr light breaks. 
Figure 1 B. Flowering response of soybean to seven cycles of 8 hr of light and 
different dark periods (legends on the next page). 
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Figure lA. The rhythmic responsiveness of Biloxi soybean plants, as measured 
by later flower formation , when responding to a single 4-hour white 
light interruption during the long night of an experimental cycle. 
Such cycles, without the light interruption, are conducive to flower 
initiation in this variety of soybean. Each cycle consisted of 8 hours 
of light and 64 hours of darkness (in "controls") or of 8 hours of 
light and 60 hours of darkness plus 4 hours of the interrupting 
light (in "treatments"). The timing of the single interruption, 
indicated by a short horizontal line on the graph varied from one 
treatment to the next. Each treatment consisted of seven identical 
cycles (with or without an interruption), given in succession to the 
plants. The plants had been prepared for the experiment by growing 
them in a greenhouse on 24-hour cycles, each consisting of long 
days and short nights (not conducive to flower initiation). Follow-
ing each 7-cycle treatment, plants were returned to the long day, 
short night regime for a few weeks until flowers became evident on 
control plants . At that time, the shoot apices at each node of each 
plant were dissected and their flowering or non-flowering status was 
recorded. 
The black and white portions of the bar along the ordinate of the 
graph illustrate an uninterrupted light-dark cycle. 
Figure lB. The rhythmic responsiveness of Biloxi soybean plants, as measured 
by later flower formation, when responding to cycles of light and 
darkness. The cycle length, which differed in each experimental 
treatment, was varied by changing the length of its dark interval. All 
cycles were commenced by 8 hours of light. Each treatment con-
sisted of 7 identical cycles given in succession to the plants. The 
plants were prepared for the experiment and flowering nodes were 
counted as in the experiment of Figure lA. 
The black and white portions of the bar along the ordinate indicate 
the dark period of varied length and the 8-hour light period of each 
cycle. 
Figures from F. B. Salisbury, 1963. Data from Coulter and Hamner, 
1964; and Nanda and Hamner, 1959. Reproduced with permission. 
36 ANDRADE and LaMOTTE 
When the transformation reactions for phytochrome were discovered, it 
was proposed that pigment shift is the basic mechanism of the photoperiodic 
timing. Pigment shift is the process by which the phytochrome is converted to 
PR during the night. The critical night length would be the time required for a 
critical level of the phytochrome to be converted to PR according to this hypo-
thetical mechanism. However, this hypothesis is inadequate because the conver-
sion process is completed in 2-4 hr or less in those instances in which pigment 
shift has been measured. For this reason, the pigment shift system by itself 
would not be appropriate to measure the length of the night (Moore, 1979). 
However, this does not mean that phytochrome is not involved in flower induc-
tion. Carpenter and Hamner (1963) demonstrated that the effect of night inter-
ruption with red light is reversed by far-red light following the initial red inter-
ruption. This effect has been widely demonstrated. Thus, phytochrome prob-
ably acts as a signal to induce or prevent flowering. Also, short night breaks 
with red light are very effective in resetting many overt rhythms in higher 
plants. This evidence suggests that phytochrome is the photoreceptor involved 
in circadian rhythms. To understand this difficult problem, it is important to 
remember that light probably has two roles in photoperiodism: (1) it induces 
or inhibits flowering through photoreceptors that reflect the external environ-
ment, and (2) it resets the internal clock through photoreceptors producing 
phase advances or phase delays. Phytochrome is probably involved in both of 
these roles (Vince-Prue, 1982). 
A PROPOSED MODEL 
Evidence has been presented demonstrating that one or more circadian 
rhythms and phytochrome are involved in the flowering process. Depending on 
the phytochrome form and the type of plant, phytochrome is probably in-
volved in two ways: as a receptor to entrain the circadian rhythms and as a 
factor to induce or inhibit flowering. Therefore, the flowering process may be 
controlled by an interaction of the phytochrome system and an endogenous 
clock. 
It has been suggested that cyclic changes in membrane properties may be 
related to the clock mechanism or may constitute the clock itself (Sweeney, 
1976; Bunning and Moser, 1972). Also, the membranes could be a target for 
phytochrome action upon photoconversion (Marme, 1977 ). It is well known 
that phytochrome affects membrane properties, e.g., permeability and trans-
port. The mechanism of PFR action on flowering may be through activation of 
genes involved in florigen synthesis or through alteration of membrane perme-
ability. 
Let us assume that the clock is reset at dusk and that it has two different 
phases, a low membrane-permeability phase and a high membrane-permeability 
phase (or that one allows phytochrome binding and the other does not). These 
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cycles are affected by light breaks according to the phase-response curve. For a 
long-day plant, PFR must be present in sufficient amount during the phase of 
high membrane permeability if flowering is to occur. 
According to this scheme, induction occurs only when the phase of the 
clock and the form of phytochrome both allow the synthesis or release of 
florigen . In other words, there must be a coincidence between the high mem-
brane-permeability phase of the clock and a specific status of phytochrome. 
Figure 2 represents the situation when the daylength is not long enough 
to induce flowering in a long-day plant. This plant will not flower because the 
photoreceptor is in the active form when the clock is in the low membrane-
permeability phase. (The clock is assumed to be reset at dusk.) This low perme-
ability produces a compartmentation of metabolites that inhibits florigen 
systhesis or release . 
Figure 3 shows the situation with an inductive long day. When days are 
becoming longer, the coincidence between the active form of the photorecep-
tor and the high membrane permeability is achieved; consequently, florigen is 
produced, and the plant flowers. Note that the internal clock is always reset at 
dusk and that, independent of daylength, its two phases last approximately 
12 hr. 
In short-day plants, the situation is different. If it is assumed that PFR is 
the physiologically active form, then this form of phytochrome would be 
responsible for the production of inhibitors of flowering under long days 
(Fig. 4). Graft-transmissible inhibors of flowering have been widely demon-
strated (Land, 1980; Jacobs, 1980; Chailakhyan, 1982). When days are getting 
shorter (Fig. 5), PFR does not overlap with the high membrane-permeability 
phase of the rhythm, which means that inhibitors are not synthesized, and the 
plant will flower. Then, in short-day plants, inhibitors woulci control flower 
induction. All this derives from the fact that PFR is the physiologically active 
form. 
This model is an interpretation applicable to plants of the external coin-
cidence models of Bunning and of Pittendrigh in which the phase of the oscil-
lator (clock) is compared with the external environment as perceived by a 
photoreceptor (phytochrome) (Bunning, 1973 ; Pittendrigh, 1972). 
There are other models that attempt to explain the mechanisms of photo-
periodism. One is the internal coincidence model, in which two circadian 
clocks, one coupled to dawn and the other to dusk, shift with the change in 
daylength until the photoinducible phase of the two rhythms overlap and in-
duction occurs (Hoshizaki and Hamner, 1969). This hypothesis assumes that 
the resetting of the phases of both endogenous clocks would be the only func-
tion of phytochrome. Another, the resonance model , suggests that the time-
measuring mechanism is more effective in cycles of 24 or 24 x n hr (where n 
is a whole number) because internal synchrony between multiple oscillators is 



















Figure 2. No induction in a long-day plant. In this case, there is no coincidence between the active form 
of phytochrome (PFR) and the clock-regulated high membrane-permeability phase. For 
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Figure 3. Induction in a long-day plant. When days are getting longer, some coincidence between the 
active form of phytochrome and the high membrane-permeability phase of the clock is achieved. 
Consequently, florigen is produced and the plant flowers . The ordinate indicates relative mem-
brane permeability. 
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Figure 4. No induction in a short-day plant. In this case, a coincidence between the active form of phyto-
chrome and the clock-regulated high membrane-permeability phase is related to production of 
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Figure 5. Induction in a short-day plant. When days are getting shorter, there is no more coincidence 
between the active form of phytochrome and the high membrane-permeability phase of the 
clock. Consequently, production of inhibitors decreases and the plant flowers. The ordinate 
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Figure 6A & B. The external coincidence model as a way to explain the type of responses obtained in 
experiments using dark periods of various durations. 
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If it is assumed, however, that phytochrome is involved in a way such that 
the day is perceived by the presence of PFR and the night by its absence, then 
the external coincidence, as herein interpreted, would be the one operating in 
plants because the phytochrome status is a reflection of the external environ-
ment. 
One final consideration: the light-break experiments and those including 
dark periods of various durations indicate the involvement of circadian rhy-
thms in photoperiodism but these experiments are not easily interpreted. 
Figure 6, representative of a short-day plant, is explanatory of the types of 
responses obtained in experiments using dark periods of various durations 
(see Fig. lB). In part A of Fig. 6, the plant, whose clock is reset at dusk, is 
induced because the night is longer than the critical night length and the PFR 
phase of the phytochrome overlaps with the low membrane-permeability phase 
of the clock. Consequently, inhibitors are not produced. With still longer 
nights, the light period being maintained constant, there is a phase shift (a 
delay according to the phase response curve) at the end of each extended day. 
In this situation, there is some coincidence between the PFR form and the high 
membrane-permeability phase of the clock (part B). Thus, some inhibitors of 
flowering are produced, and these reduce the amount of flowering even though 
the nights are longer than in part A. A similar rationale would explain the de-
crease in the number of nodes flowering after a total cycle length of 24 hr in 
Fig. lB. 
Variation in critical daylength for different species could be explained by 
biochemical differences such as variation in speed of pigment photoconversion 
or degradation, or by differences in the amount of overlapping between PFR 
and the high membrane permeability phase of the clock required to produce a 
physiological response. Day-neutral plants are not considered in this discussion 
because they do not repond to daylength; in these plants, flowering is con-
trolled by other means. 
* * * * * 
Figure 6A. This is a short-day plant in which there is no external coincidence 
between PFR and high membrane permeability. Inhibitors are not 
produced. 
Figure 6B. Nights are longer than in A (day length = constant). This produces 
a phase delay at dusk. (The circadian clock has approximately a 
24-hr period independent of the external environment.) As a re-
sult, some external coincidence is achieved, and inhibitors are 
produced reducing the amount of flowering, even though this is a 
short-day plant and the nights are longer than in Part A. The ordin-
ate indicates relative membrane permeability. 
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This model, applicable to plants, combines elements from earlier models 
in an attempt to present a better understanding of this complex problem. It 
is suggested that plants do or do not flower according to the combined effects 
of phytochrome and an endogenous , circadian clock (Figs. 2-6). 
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RESPONSE OF STEM TERMINATION TYPES OF 
SOYBEAN TO SUPPLEMENTAL IRRIGATION 1 
Enrique Villalobos-Rodriguez, 2 Richard Shibles, and Detroy E. Green 3 
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ABSTRACT. The response of stem termination types (indeterminate, semideterminate, 
determinate) of soybean (Glycine max (L.) Merr.) to supplemental irrigation during seed 
growth was evaluated at Ames, Iowa, in 1980 and 1981. Rainfed soybeans had lower leaf 
water potentials, l/;1 , during seed filling than did irrigated soybeans. Differences in l/;1 
between groups ranged from 0.13 to 0.26 MPa at sunrise and from 0.27 to 0.40 MPa at mid-
day. Lower i,Ir 1 in rainfed plots was associated with plant wilting and with yellowing and abscis-
sion of leaves from the lower part of the canopy, as well as with a 16% smaller (O'. = 0.01) 
seed yield in all three stem termination types. There was no difference in yield response of 
the stem termination types to supplemental irrigation. Seed yield increase in response to 
irrigation of determinates and semideterminates was mostly due to more pods per node, 
whereas with indeterminates it resulted partly from more pods per node and partly from 
more nodes. Indeterminates grew taller and lodged more under irrigation than did semi-
determinates; the determinate types did not lodge. 
Index Descriptors: Glycine max, soybeans, irrigation, water stress, leaf water potential, 
indeterminate, semideterminate, and determinate. 
INTRODUCTION 
Soybean (Glycine max (L.) Merr.) seed yield is highly dependent on water 
supply. Seed yield can be drastically reduced when water stress develops during 
reproduction. 
Little attention has been given to the possible differential response of 
stem termination types (indeterminate, semideterminate, determinate) to sup-
plemental irrigation. Stuekerjuergen (1982) found that a determinate cultivar 
was more responsive to irrigation than semideterminate or indeterminate cul-
tivars, with a yield increase of 3 8% resulting from a July irrigation. The indeter-
minate cultivar had the greatest growth response in terms of plant height and 
node number. Hartung et al. (1981) concluded that determinate and semideter-
minate genotypes have more potential for control of plant height and lodging 
than do indeterminates under irrigation. 
1Journal Paper No. J-11234 of the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa. Project 2087. 
2 Graduate Assistant, Department of Agronomy, Iowa State University, Ames, IA 50011. 
Present address: CIGRAS, Faculdade de Agronomia, University of Costa Rica, San Jose, 
Costa Rica. The senior author's stipend was sponsored, in part, by the Iowa State Univer-
sity-University of Costa Rica Agreement. 
3Professor, Department of Agronomy, Iowa State University, Ames, IA 50011. 
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In the United States, indeterminate types are predominantly grown in 
the north (38° to 50° N), whereas determinates are commonly grown in the 
south (25° to 38° N). Indeterminate types are thought more adaptable than 
determinates to northern latitudes (Shibles, 1980), because an indeterminate 
growth pattern integrates vegetative growth with the flowering and pod-forming 
stages, thus allowing a more efficient use of the short cropping season prevail-
ing at these latitudes. In recent years, some determinate and semideterminate 
genotypes have been developed for 38° to 42° (Cooper, 1981; Chang et al., 
1982). These lines show reduced lodging, which is a major problem in these 
areas (Bernard, 1972; Cooper, 1981; Chang et al., 1982). 
Some of the lodging-resistant determinate genotypes adapted to the 
midwest U.S. have outyielded selected indeterminate cultivars when compared 
under "highly productive environments" (Cooper, 1981). However, there are 
indications that these determinate genotypes are more affected by early water 
stress than are indeterminate cultivars (Cooper, 1981; Stuekerjuergen, 1982). 
The purpose of this study was to compare the response of several soybean 
lines and cultivars, representing the three stem termination types, to supple-
mental irrigation during reproduction. 
MATERIALS AND METHODS 
This experiment was conducted at the Hinds Experimental Site, 6 km 
north of Ames, Iowa, during the summer of 1980. The experiment was con-
tinued in 1981, but it was used only to measure leaf water potential differences 
between irrigated and rainfed plots in July. Because of the abundant rainfall 
thereafter, stresses did not develop, so the experiment was not pursued until 
harvesting. 
The soil (Spilville silt loam) at the experimental site is a fine, silty, Mesic 
Cumulic Hapludoll. Phosphorus and potassium were applied the preceding fall 
at a rate of 30 and 370 kg/ha, respectively, and incorporated by use of mold-
board and chisel plows. 
Cultivars and lines used in this investigation were indeterminates: 'Wil-
liams', 'Hardin', 'Cumberland', and 'Sloan';semideterminates:A75D34,A75D35, 
A75D15 and 'Will'; determinates: 'Gnome', 'Sprite', 'Hobbit', and H75-5605. 
The "A" and "H" lines are elite experimental lines developed by the Iowa and 
Illinois agricultural experiment stations, respectively. The others are released 
cultivars. Plant population for indeterminates and semideterminates was 328,000 
plants per hectare; for determinates, it was 442,000 plants per hectare. Sprinkler 
irrigations of 20 and 38 mm were made to all plots at planting (12 May) and 5 
days thereafter to ensure uniform germination and seedling emergence. 
The experimental design was a split-plot with four replications. Irrigation 
treatments (irrigated vs. natural rainfed) represented the main plots, and 
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Figure 1. Rainfall and irrigation distribution patterns for irrigated and rainfed 
plots from 1 May to 1 September 1980 at Hinds Experimental Site. 
The "rainfall" plots received initial sprinkler irrigation plus subsequent 
rainfall as marked. The " irrigation" plots received, in addition, the 
three supplemental late season irrigations as given on the lower half 
of the figure . Symbols : * = sprinkler irrigation; P = planting date; 
H = harvesting date. 
genotypes were assigned at random to the subplots. Each subplot consisted of 
five machine-planted rows, each 5 m long and 0.35 m apart. 
Figure 1 shows the rainfall and irrigation distribution for 1980. Supple-
mental irrigation began 24 July at the R3 stage of plant development (Fehr 
and Caviness, 1977). Tensiometers installed at a depth of 30 and 45 cm were 
used to check soil water status. Irrigation water was applied every time that 
soil water tension at the 30 cm depth reached -0 .04 MPa. Irrigations applied 
were 56, 40, and 29 mm, on 24 July, 1 August, and 26 August , respectively. 
Water was distributed in the irrigated plots by using perforated, trickle-
irrigation, plastic "tapes." 
Leaf water potential measurements were taken by the pressure chamber 
technique, at sunrise and at midday, from irrigated and rainfed plots of four 
selected genotypes, Hardin and Williams, indeterminates, and Gnome and 
48 VILLALOBOS-RODRIGUEZ et al. 
H75-5605 , determinates. For this purpose, the terminal leaflet from the upper-
most fully expanded leaf was used; for determinate genotypes, this was the 
third leaf from the top, but the fourth leaf from the top was selected for 
indeterminates. 
Lodging was scored visually at the R6 and RB stages of plant development 
by using a 1 to 5 scale, in which 1 corresponds to all plants being erect and 5 to 
all plants lying flat on the ground. Plant height was taken at maturity (R8). 
The three central rows of each subplot, eliminating 0.25 m from each end, 
were used to evaluate yield and yield components. Yield components were 
evaluated from a random sample of 15 plants. Seed from all subplots was 
harvested mechanically on 30 September by use of a plot combine. 
RESULTS AND DISCUSSION 
Leaf water potential, 1/1 1 , was measured on selected genotypes to follow 
changes in plant water status due to changes in soil water availability (Fig. 2a). 
Averaged over irrigation treatments, midday 1/J 
1 
was 0.1 MPa higher for indeter-
minate than for determinate types (a = 0.001 ). Also, the difference in 1/J 1 
between unirrigated (N) and irrigated (I) plants was greater (a = 0.05) for the 
indeterminate than for the determinate types. However, both these differences 
seem largely a consequence of differences between types in I plots. Under dry 
conditions, both types tended to have similar 1/J 1 at midday. It is not clear why 
indeterminates had a greater 1/J 
1 
under moist conditions but similar 1/J 
1 
under 
dry conditions. There were no differences between types in predawn 1/J 
1 
. 
N plants did not recover overnight to the water status level shown by I 
plants. Differences in 1/1
1 
between I and N soybeans ranged from 0.13 to 0.26 
MPa at sunrise and from 0.27 to 0.40 MPa at midday. Differences in sunrise 
1/J 1 between I and N soybeans narrowed by the middle of August after a period 
of rainfall. 
Measurements taken at different times during the morning on two days in 
July 1981 (Fig. 2b) indicated that 1/J 
1 
decreased slowly during early morning, 
then dropped sharply between 0800 and 1100, in both I and N plants. How-
ever, 1/J 1 of N soybeans dropped faster and to lower values than for I plants. 
Lower 1/J 1 in this investigation was associated with plant wilting and with 
yellowing and abscission of leaves of the lower canopy, as well as with signif-
icantly smaller seed yield (Table 1). These results are supported by similar 
findings (Momen et al., 1979 ; Jung and Scott, 1980; Snyder et al., 1983) in 
which 1/J 1 values equivalent to those found in this investigation were related to 
significant reductions in yield. 
Seed yield response to irrigation was 19.1, 17.8, and 12.3% for indeter-
minate, semideterminate, and determinate types, respectively (Table 1). This 
apparent differential response to irrigation, however, was not statistically 
significant. It is important to observe that the three types yielded the same 




1:; o.8 c.=Dt 1 
~1. 0 Lll=dt1 
a.. 






























22/ 8 1' 0630 0930 M D1 0630 0930 Md 
1981 
Figure 2. Leaf water potential of irrigated (open symbols) and rainfed (closed 
symbols) soybean plants: (a) predawn and at midday on five days 
during seed filling in 1980, and (b) at different times of the day on 
two days in 1981. Dt1 = indeterminate, dt 1 = determinate. Average 
standard errors for measurements taken predawn and at midday were 
0.014 and 0.036, respectively. 
under irrigation but that, under rainfed conditions, the determinate types 
tended to have a somewhat greater yield. This may be one reason for the 
smaller response in seed yield of the determinate types to irrigation. 
Seed yield increase in response to irrigation resulted more from an in-
crease in number of pods per node with determinate and semideterminate 
types (25%) than it did with indeterminate types (10%). Considering that 
determinate types suffered a reduction in the number of seeds per pod and 
100-seed weight in response to irrigation and that supplemental irrigation was 
started once flowering of these genotypes had finished, then the increase in 
yield in this group can be attributed only to reduced pod abortion. Pod abor-
tion due to water stress has been well documented (Sionit and Kramer, 1977; 
Momen et al., 1979). On the other hand, it seems likely that the rainfall that 
occurred during mid-August (Fig. 1) was not too late to be effective in stim-
ulating pod set on the later-flowering nodes of unirrigated, indeterminate 





Yield Nodes/ Pods/ Seeds/ g/100 Plant Lodgingb 
(kg/ha) plant node Eod seed ht. (cm) (1 to 5) 
Genotypes N N I N I N N I N I N I 
Indeterminate 
Williams 2830 3560 16 19 1.8 1.9 2.4 2.4 17 17 106 130 1.0 1.3 
Hardin 3200 3890 23 26 2.2 2.4 1.9 2.1 15 14 87 104 2.0 2.8 
Cumberland 3490 3700 16 18 1.9 2.0 2.3 2.1 20 17 97 119 1.3 1.5 
Sloan 3210 4000 17 18 1.8 2.2 2.4 2.4 18 17 99 121 2.0 2.8 
Mean 3180 3790 18 20 1.9 2.1 2.3 2.3 17 16 97 119 1.6 2.1 
Semideterminate 
A75D-34 3330 3950 16 18 2.2 3.0 2.2 2.0 16 16 98 106 2.0 2.3 
A75D-35 3110 3580 15 15 2.2 2.7 2.3 2.2 17 16 100 107 2.3 2.0 
A75D-15 3080 3760 14 15 2.1 2.6 2.3 2.4 18 16 87 92 1.0 1.3 
Will 3170 3650 16 17 2.0 2.3 2.4 2.3 17 16 93 108 1.0 1.3 
Mean 3170 3740 15 16 2.1 2.7 2.3 2.2 17 16 95 103 1.6 1.7 
Determinate 
Gnome 3240 3570 12 14 2.1 2.4 2.4 2.2 16 15 63 66 1.0 1.0 < 
Sprite 3530 4130 11 12 2.2 2.8 2.4 2.3 20 17 1.0 1.0 t= L' 
Hobbit 3540 3820 14 14 2.1 2.7 2.3 2.1 17 15 65 68 1.0 1.0 > L' 
H75-5605 3124 3560 19 16 1.9 2.4 2.4 2.3 13 12 75 80 1.0 1.0 0 
t:::ti 
Mean 3360 3770 14 14 2.1 2.6 2.4 2.2 17 15 67 70 1.0 1.0 0 rJl 
Irrigation (I) ** NS ** ** ** ** NS ~ 0 
Type (T) NS NS ** * ** ** ** t:I 
** ** ** ** ~ T x I NS NS NS c:; 
Geno.IT x I NS NS ** ** * NS NS c 
tr1 
N 
a All data at maturity except lodging that is rated at R6. ~ 
bl =erect to 5 =horizontal. ~ 
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cultivars, narrowing the difference in number of pods per plant between them 
and their irrigated counterparts. The increase in yield of the indeterminates, 
in contrast to the other two types, was partly due to increased number of 
nodes per plant (12%, not significant), and partly due to an increase in the 
number of pods per node (10%). Number of seeds per pod of indeterminates, 
in contrast to the other two types, was not affected by irrigation. 
Plant growth response to irrigation, shown in Table 1 as plant height , was 
less for determinates than for the other two types, and indeterminates were 
more responsive, in terms of plant height , to irrigation than were the semi-
determinates. The strong growth response of indeterminates (23% increase in 
height) was due partly to production of additional nodes and partly to a 10% 
increase in average internode length. Semideterminates added one additional 
node , but only about 2% in mean internode length in response to irrigation. In 
contrast, determinates added no nodes, irrigation having been started after 
stem termination, and had only a 6.5% response in mean internode length. 
The response in plant height obviously influenced lodging as recorded at 
R6 (Table 1 ). The more the growth in response to irrigation , the greater was 
the lodging. Determinate types did not show any lodging, and the indetermin-
ates lodged more than the semideterminates under irrigation. Lodging at har-
vest (R8) did not differ from early lodging and, for this reason, is not shown. 
Lodging has been well documented as a problem of major concern in the 
northern soybean production areas of the United States, and it may have 
played a role in attenuating the potential response of indeterminates to irriga-
tion in this investigation. Our results point out that the use of irrigation with 
indeterminates may be risky because of the tendency of these genotypes to 
grow much taller and lodge more in response to irrigation. On the other hand, 
the use of the short, determinate types developed for the Midwest under 
furrow irrigation has been discouraged owing to the large number of pods 
produced near the soil surface, which are difficult to harvest mechanically 
(Hartung et al , 1981). There also is some evidence that determinates would 
require more water during early growth on account of their greater suscep-
tibility to preflowering water stress compared with the other types (Cooper, 
1981). 
Because of these considerations , perhaps the semideterminate type is a 
better alternative in the Midwest for irrigation than the other two types. Al-
though semideterminates resembled the indeterminate type, they had a smaller 
plant height response to irrigation and lodged less than indeterminates. Also, 
seed yield was comparable to that of the other two types. This confirms pre-
vious investigations conducted under irrigation (Hartung et al. , 19 81) and 
under rainfed conditions (Wilcox, 1980; Chang et al. , 1982). 
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ABSTRACT. Two types of bioassay techniques for evaluating black fly larvicides are 
compared. A stirring method, utilizing a multiple-magnetic stirring unit to create a fast 
uniform flow for the larvae, is compared with the standard bubbling method. Differences in 
the physical conditions are discussed, as well as toxicity data obtained from each technique. 
The multiple stirring method offers a suitable alternative to conventional techniques. 
Index Descriptors: larvicide, bioassay , black fly, temephos, Simulium vittatum, and 
Prosimulium fuscum. 
INTRODUCTION 
Black flies (Prosimulium and Simulium) have always been one of the more 
difficult groups of insects to manage in laboratory situations; however recently 
progress has been made toward successful laboratory rearing (Brenner and 
Cupp, 1980). These dipterans continue to be important as vectors of onchocer-
ciasis and as blood feeders on livestock and man. Control is primarily through 
the application of larvicides to the swift rivers and streams where the simuliid 
larvae develop. Laboratory evaluation of larvicides requires a simple bioassay 
method that can provide accurate reproducible results. However, the highly 
aerated and turbulent conditions needed by the larvae are difficult to create in 
the laboratory. 
Four basic appoaches have been explored for laboratory bioassay of black 
fly larvicides: (1) use of a trough to simulate a stream (Guttman et al., 1966; 
Jamnback, 197 3), or a ministream (Muirhead-Thomson, 1977; Gaugler et al., 
1980); (2) bubbling air through water in a jar or in the fast-flushing bioassay 
unit of Lacey and Mulla (1977); (3) spinning bottles in a vessel of water (Hem-
bree et al., 1980); and (4) use of a magnetic stirring unit to create a circular 
stream in a jar (Coats et al., 1978; Undeen and Nagel, 1978). Satisfactory 
maintenance of black fly larvae by magnetic stirring units has been reported 
(Wallace et al., 1976; Grunewald, 1973; Craig, 1977; Colbo and Thompson, 
1978) and the use of stirring units for bioassay attempted (Undeen and Nagel, 
1978; Coats et al., 1978). The purpose of the present study was to compare the 
1The authors acknowledge partial financial support from the Ontario Ministry of the Envi-
ronment and thank Dr. Mir Mulla for reading the manuscript. 
2 Department of Entomology, Iowa State University, Ames, IA 50011. 
3Department of Environmental Biology, University of Guelph, Guelph, Ontario, Canada 
NlG 2Wl. 
4 College of Medicine, McMaster University, Hamilton, Ontario, Canada. 
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stirring method with the standard bubbling method for relative toxicities ob-
served (with an organophosphorus larvicide), to compare precision (using 
probit analysis), and to discuss differences in the physical conditions that exist 
in the two systems. 
MATERIALS AND METHODS 
The testing apparatus consisted of one-liter glass jars, each contammg 
500 ml of dechlorinated tap water. In one series of six jars, aeration and cur-
rent were provided by the stirring method, utilizing a Multi-magnestir® mul-
tiple stirring unit from Lab-Line Products, Arlington Heights, Illinois, with six 
synchronized magnetic stirrers and six 2.5 cm Teflon®-coated magnetic stir 
bars. Stirring was maintained at a rate such that the surface vortex extended 
to the bottom of the container (approximately 800 rpm). In another series of 
jars, aeration was supplied through glass disposable pipettes connected to a 
compressed air source delivering approximately 1500 ml per min. 
Black fly larvae for bioassay were collected from the Speed River near 
Guelph, Ontario. They were allowed to acclimate in the laboratory for 24 h in 
buckets with air bubbling up along two glass plates (Muirhead-Thomson, 1964). 
During the acclimation period, the larvae detached fom their substrate, mig-
grated toward the stream of bubbles, and attached to the glass plates. This 
method allowed large numbers of larvae to be transferred to testing vessels with 
minimum handling and very low control mortality (5%). The population con-
sisted of approximately 85% Simulium vittatum Zetterstedt and 15% Posimuli-
um fuscum Syme and Davies. Because only minimal differences in pesticide 
susceptibility have been observed among various stages of simuliid larvae 
(Jamnback and Frempong-Boadu, 1966), only late instar larvae were used in 
the toxicity tests. Larvae were always utilized within 48 h of being collected. 
The test insecticide was technical temephos (Abate®) at 95% purity. A 
1 % stock solution to temephos in reagent grade acetone was prepared, and 
serial dilutions were made. In each insecticide treatment, 1 ml of a stock sol-
ution was added to 500 ml of water in the one-liter bioassay jar to constitute 
an appropriate final concentration of insecticide in water. Twenty larvae were 
introduced into each test container and bubbled or stirred for 30 min to allow 
attachment. After 30 min of exposure to the chemical, the treated water was 
decanted off through a mesh screen to catch any detached larvae. Detached 
larvae were returned immediately to the jar as fresh water was added. Mortality 
was recorded 24 h after the insecticide was added to the water. Larvae that 
failed to move in response to prodding with a glass rod were recorded as dead 
(Thompson, 1975). Based on preliminary tests, five dose levels were selected 
that would each yield a partial mortality: 1, 5, 10, 50, and 100 parts per billion 
(ppb). The toxicity trials were replicated three times on different days. Control 
groups were treated with acetone only. The data were analyzed by linear 
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Table 1. Comparison of stirring and bubbling methods of black fly larvicide 
evaluation using temephos. 
Stirring Bubbling 
24 hour LC5 0 (ppb) 14.4 28.0 
9 5% confidence intervals 
upper limit 19.5 36.7 
lower limit 8.8 21.7 
difference (upper-lower) 10.7 15.0 
regression and probit analysis. All trials were conducted with initial water 
temperatures of 24 ± 1 ° C (but cooled in the bubbling system due to evaporative 
cooling, to 22 ± 1° C). Oxygen concentrations were determined with a Yellow 
Springs Instruments oxygen meter. 
RESULTS AND DISCUSSION 
LC 5 0 values 
One notable difference between the two methods is that the snrrmg 
system generated an LCs 0 value 50% lower than the bubbling method (Table 1). 
Two factors that may contribute to this differential response are suggested. 
One, stirring maintains a constant, rapid, and uniform flow of water and larvi-
cide over the larval cuticle thereby providing greater opportunity for penetra-
tion. Two, the 2° C cooler water temperature in the bubbling system, owing to 
evaporative cooling, could render temephos less toxic because some organo-
phosphorus insecticides have been shown to have positive temperature coef-
ficients (Hirano, 1979). The LC5 0 values were demonstrated to be significantly 
different at the .05 level of probability. Although not of direct comparative 
importance, the difference in LC5 0 's and probable causal factors are of signif-
icance in recognizing the capability of the stirring system to maintain more 
uniform testing conditions. 
The spatial distribution of larvae within the testing vessel is also quite 
different for the two techniques; the larvae are tightly clumped around the air 
source in the bubbling method but are distributed in a scattered pattern through-
out the container of stirring water. This clumping behavior in the former 
system may result in a less complete exposure to the chemical in the water 
and thus contribute to a higher LC5 0 value. 
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Confidence limits 
The two methods produced different degrees of accuracy in LC5 0 deter-
mination as indicated by the width of the respective sets of 95% confidence 
limits. The narrower fiducial limits generated by the stirring tests indicate 
greater confidence in values obtained and higher potential for accuracy of 
reproduction (Table 1). 
Comparison of conditions 
The factors responsible for the superiority of the stirrmg system are 
related to the greater uniformity inherent in that technique. Synchronized 
stirrers provide a constant direction and rate of flow which permits the even 
distribution of the chemical and the insects thus guaranteeing their even 
exposure to the chemical. It also ensures that identical conditions can be 
repeated in subsequent tests. Such uniformity and reproducibility are difficult 
to obtain by using the bubbling system. 
Although measurements were not taken at different locations within the 
container, an oxygen concentration gradient may exist in the bubbling system 
which causes the larvae to cluster around the air inlet. Measurements taken 
during assays indicated essentially 100% of air saturation in both systems. 
Higher rate of evaporation in the bubbling system also resulted in a greater 
loss (30%) in the volume of water in the vessels as compared to a 12% loss in 
the stirring system during the course of the 24 h assay . The resultant change 
in ion concentration represented an additional variable to be considered in the 
bubbling system. 
We have used the magnetic stirring unit for other pesticide studies: the 
uptake of a chemical by simuliid larvae in the presence of various concentra-
tions of particulate matter and accumulation studies in simuliid larvae and 
fingerling rainbow trout in a stream microcosm (Coats, 1980). 
CONCLUSIONS 
The multiple stirring method of bioassay for black fly larvicides offers a 
suitable alternative to conventional techniques. It compares favorably with the 
standard bubbling method in regard to reproducibility of data because of the 
more uniform distribution of the chemical and the organisms in the testing 
medium. The stirring technique combines the simplicity of the bubbling jars 
method with the flow characteristics of more complex trough systems. 
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ABSTRACT. Among the unresolved issues that continue to be a part of the youth sport 
scene, a recurrent subject is the role of the coach. The purpose of this study was to examine 
the in-game behavior of coaches of girls ' softball teams and to classify the types and rates of 
behavior by time of season (early or late) , win/loss record, and throughout the duration of a 
single contest. 
Subjects selected for this study were all the volunteer coaches in a thirteen team 
softball program for 10- to 12-year-old girls. The season consisted of a double round robin 
schedule and had no post season tournaments or all-star games as a part of the program. 
A modified version of an event-recording instrument (Dubois, 1981) was employed to 
collect coaching behavior data. The instrument included a total of eight different behavior 
categories. An analysis of data revealed that (1) 99% of all feedback was related to per-
formance , (2) only 3% of the coaches' behaviors was categorized as negative, and (3) the rate 
of response significantly increased from early season to late season. Additionally, an ANOV A 
was used to determine significant differences between winning and losing coaches and the 
rate of feedback based on ahead/behind status during the contest. The data indicated that 
statistically significant different profiles could be established for winning and losing coaches 
based on the rate of feedback with losing coaches being higher in both positive instructional 
and negative instructional categories. 
Index Descriptors: physical education, athletics, youth sport, and behavior. 
INTRODUCTION 
Controversy and unresolved issues continue to be a part of the youth 
sport scene. A recent publication (Appenzellar et al. , 1981) offers prime 
examples of how a group of youth sport promoters, managers, coaches, and 
interested parties agree and disagree on topics such as league control, playing 
regulations, coaching certification, safety, liability, and others. Among these a 
recurrent and much discussed subject in youth sport is the role of the coach. 
The relationship between coach and player is a vital aspect of the youth 
sports environment, and it has been suggested that this relationship is a primary 
determinant of the ways in which children are ultimately affected by their 
participation (Singer, 1972; Smith et al., 1979). Because the coach occupies a 
crucial role in the athletic arena, it is important to develop a proficient under-
standing of coaching behavioral patterns. 
Data gathering efforts concerned with youth sport coaches have employed 
various strategies that range in methodology from single case studies (Burchard, 
1979) to self-report studies, checklists, questionnaires, and self-monitoring 
1Department of Physical Education, Iowa State University, Ames, IA 50011. 
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forms (Smoll and Smith, 1980). A more recent development for gaining a more 
complete accounting of a coach's in-game behavior involves a variety of sys-
tematic observation techniques developed by Siedentop (197 6 ). The technique 
and accompanying instruments initially developed to evaluate teacher-student 
behavior in the classroom/ gymnasium have been adapted to meet the needs of 
researchers interested in recording information concerning coaches' behavior 
during an athletic event (Dubois, 1981 ). Using Little League Baseball coaches 
as subjects, Smith, Smoll, and Curtiss (1978) successfully generated data 
employing observational techniques. Subsequently, Dubois (1981, 1982) 
recorded the responses of coaches in two competitively different football and 
soccer leagues. 
But, essentially all of these studies have dealt with the coaches of teams 
whose participants were males. Although competitive opportunities for girls 
have increased considerably, research examining the coaching behavior of girls' 
youth sport coaches is virtually non-existent. To our knowledge the single 
exception to this is the above cited 1981 study by Dubois whose investigation 
included a girls' soccer league. The behaviors of girls' youth softball coaches 
have yet to be investigated via a qualitative/quantitative systematic recording 
method. Thus, it was the purpose of this study to examine girls' softball 
coaches' behavior in the course of games. Specifically, we examined behavior 
frequency rate and type and their association with time in contest, winning or 
losing, and time of season. 
METHOD 
Subjects selected for this study included all the volunteer coaches in 
a 10-12-year-old girls' age group softball program of thirteen teams. The 
teams were supposedly equal in talent and age with a specified number of 10, 
11, and 12 year olds playing for each team. The youth softball program was 
located in a medium-small (25,000) size city in central Iowa. The season 
consisted of a double round robin schedule with no post season tournaments or 
all-star games as a part of the program. 
Coaching behavior data were collected with a modified version of an 
event recording instrument (Dubois, 1981). The instrument included a total of 
eight different behavior categories. Among these were four categories that dealt 
with responses directed to a coach's team (positive feedback, positive instruc-
tion, negative feedback, negative instruction), with two categories for responses 
directed to opponents or officials (positive, negative), and two categories re-
served for miscellaneous behaviors (positive, negative). It was a modification of 
the Dubois (1981, 1982) instrument that had been tested for specific reliability 
requirements (see appendix) . 
A team of four trained observers including the two investigators collected 
the data. Prior to the softball season the observers practiced recording coaches' 
COACHING BEHAVIOR 61 
behaviors and were found to be consistent in the categorization of responses at 
the level of a .90 interobserver reliability coefficient. Each coach was observed 
four times; two times in close succession within the first three games played 
and two times within the last three games of the season hereafter referred to 
as early and late season. Observers arrived in sufficient time prior to their 
assigned game to blend into the spectator setting within good auditory and 
visual distance of the coach. 
Games were six innings in length with the observation recording commenc-
ing the instant the umpire cried, "Play ball!" The normal course of action in 
previous studies (Dubois, 1981, 1982) had been to find a suitable time for an 
observer break to manage recorder fatigue. Consequently, immediately follow-
ing the third out of the bottom half of the third inning, the observer took a 
break and did not resume recording responses until the first pitch of the top 
half of the fourth inning. The recorder also noted whether the observed coach's 
team was tied, ahead, or behind after three innings of play. 
RESULTS 
One method of examining and highlighting data from this study was to 
prepare descriptive statistical techniques compiled as a mean response table. 
Table 1 presents winning and losing coaches' behavior recorded by season 
(early and late) and by verbal categories (1-4) that dealt with verbal responses 
directed at players. Categories 5 and 6, designated for recording the inform-
ation given to opponents and officials, and categores 7 and 8, designated 
non-verbal, received less than 1 % of the total and were insufficient for 
analysis. Positive and negative nonverbal behaviors were not included in the 
table. Some of these were not visible to the players, others were not directed 
specifically to players, while still others perhaps could be categorized only as 
individual reaction. It would have been misleading to include these mannerisms 
under the umbrella of feedback that related to a player's performance. 
Category 1 that included a vast array of encouraging statements received 
44% of the total number of coaches' responses. To obtain an understanding of 
this category, the following is intended as a representative sampling: "that a 
girl; way to go; nice job; way to throw; way to swing; great catch; good pitch; 
right on; keep cranking that arm; good eye; nice play; let's have another one; 
you can do it; excellent; go go go." The mean number of responses in this 
category nearly doubled from early to late season and were second highest in 
frequency total. 
Included in category 2 were all types of positive instructional information. 
The following is a representative sampling: "stay there; move in; back up ; take 
your time; watch the ball; play's at second; break with the swing; relax your 
arms; swing through the ball; step on any bag; use smaller bat; closest base now; 
don't dance in the batter's box." This category received the highest overall 
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Table 1. Means of Coaches Responses: Frequency of Response as Figured by 
Mean. 
Behavior Category 
Pos. Pos. Neg. Neg. 
Fd Bk Inst. Fd Bk Pos. Comb. Comb. 
Season 1 2 3 4 1-2 3-4 
Early 116.1 108.2 2.0 4.7 224.4 6.4 
Winning 
Late 199.1 221.4 2.4 2.0 420.5 4.2 
Coach performance 
Early 155 .0 142.6 3.3 13 .5 297.6 16.8 
Losing 
Late 250.3 274.5 2.8 9.3 491.5 12.1 
Winning 315.2 329.6 4.4 6.7 644.4 11.6 
Total 
Losing 405 .3 417 .1 6.1 22.8 789.1 28.9 
% of Total Response* 44% 45 .5% 1.5% 1% 89.5% 2.5% 
*Categories 5, 6 , 7, and 8 accounted for less than 1 % of total response. Nonverbal was 8% 
of total response. 
mean and represented 45 .5% of the total. As with category 1, the mean of 
responses from early to late season nearly doubled. When the two positive 
categories are combined, their totals comprise just over 89% of all recorded 
information as it concerned a player's performance. 
When categories 1 and 2 were combined for each coach, late season 
totals increased for almost every coach-approximately doubling in frequency. 
This was the case, with one exception only, for both winning and losing coaches 
(to be classified a winning coach, the end of the year record had to surpass the 
.500 mark). 
Negative feedback occasionally comprised the same statements as were 
noted previously in the positive categories but were given in a sarcastic manner, 
were voiced in anger, or were communicated in a particular tone that was quite 
discernible as negative. The means in these categories were insignificant. When 
categories 3 and 4 are combined, these negative feedback and negative correc-
tive feedback categories assume less than 3% of the total number of responses 
that dealt with performance related feedback. It was also found that the mean 
of negative responses (all coaches combined) actually decreased in the late 
season. 
In addition to descriptive statistics where means and percentages were 
utilized to describe the coaches observed behavior, inferential statistics were 
employed to examine the interactions of several variables in this sample. 
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Table 2. ~NOVA Coach by Season By Record By Category: Analysis of Var-
iance. 
Source df SS F PR> F 
Pos . Feedback Cat 1. Coach 12 402.801 5.56 .0001 
Season 1 292.280 48.40 .0001 
Record 1 51.534 8.53 .0051 
Pos. Instruct. Cat. 2 Coach 12 472.798 3.67 .0005 
Season 1 485.570 45 .27 .0001 
Record 1 66.494 6.20 .0160 
Neg. Feedback Cat. 3 Coach 12 31.958 2.89 .0040 
Season 1 0.171 0.19 .6682 
Record 1 0.694 0.75 .3893 
Neg. Instruct. Cat. 4 Coach 12 151.618 4.37 .0001 
Season 1 3.243 1.12 .2944 
Record 1 19.718 6.82 .0118 
An Analysis of Variance (ANOVA) was completed to determine if a signif-
icant difference existed between each of the coaches based upon the four 
verbal categories and is shown in Table 2. The results of the ANOVA indicated 
that in all of the categories a significant difference between coaches was noted 
at the .05 level. This would indicate that individual coaches do vary signif-
icantly across all behavior categories. 
When examined by season (early vs. late), categories 1 and 2 were statis-
tically significant and indicated an increase in the rate of feedback in the late 
season. Table 2 also shows that when the data were analyzed by record of the 
coach (winning vs . losing) , differences at the .05 level exist for categories 1, 2, 
and 4 with the losing coaches having a higher frequency of response. 
Additional ANOV As were completed to examine the differences between 
coaches on the factors of innings (1-3 vs. 4-6), ahead vs. behind, and all inter-
action effects. The results of these measures yielded no significant differences 
at the .05 level. 
DISCUSSION 
This study as well as previous ones (Dubois, 1981, 1982; Smoll and Smith, 
1980) demonstrates that a coach's in-game behavior can reasonably be observed 
and recorded. The components of behavior therefore can be considered in 
terms of occurrence and nature. 
Our data indicate that 99% of all feedback relates to the girls ' skill 
performance. This includes an 8% figure classified as nonverbal behavior. 
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Furthermore, nearly all feedback response was of a positive nature. When the 
results of this study are compared with the results of findings by Dubois 
(1981, 1982) and Rupnow and Stotlar (1982), where team-directed responses 
by coaches were 90%, 9 5%, and 96% respectively, it can be said with confi-
dence that coaches were performing their roles as mentors. 
In terms of type of feedback, softball coaches were very positive with less 
than 3% of verbal feedback being classified as negative. When observing little 
league baseball players of the same age group, in the same community, Rupnow 
and Stotlar (1982) found that although coaches were highly positive in their 
feedback to boys, they also expressed a higher percentage (8-10%) of negative 
response than did the girls' youth softball coaches. Dubois (1982) found that 
football coaches had a negative frequency rate of 30% while coaches of a 
girls' soccer league and similar boys' soccer league delivered negative feedback 
in the 20% range (Dubois, 1981). Thus we see a 3% negative response fre-
quency for girls' softball coaches and a 20-30% frequency for boys' soccer and 
football coaches. We do not wish to speculate whether this difference is a func-
tion of sex participants. 
Dubois (1982) offered some explanations for the frequency rates of 
coaches he observed and why they may have compared unfavorably to those 
studied by Smoll and Smith (1980). Dubois suggested geographic location dif-
ferences, league goals, and the fact that samples could have been skewed, i.e., 
80% of the population of potential coaches chose not to participate in their 
study. However, in examining Dubois' (1981) study of the five soccer coaches 
observed, four were female which may have presented a skewed sample in that 
study involving the female players. If, for example, the soccer league had con-
sisted of twelve teams but only five coaches had participated, as in Dubois' 
(1981) study, a skew toward either positive or negative reinforcement could 
have occurred as a consequence of being an unrepresentative sample. On the 
other hand, in our study all thirteen coaches (ten male, three female) in the 
league were participants. 
The Analysis of Variance (Table 2) shows the total group variability as 
significant. This examination implies that coaches perform their coaching roles 
differently, but when analyzed by record of the coach (W vs. L) a more inter-
esting picture appears. As previously stated, all coaches were overwhelmingly 
positive in their feedback, but coaches with a losing record were shown to 
voice a significantly higher number of responses in both the positive feedback 
(1) and positive instruction (2) categories. A similar result was noted to exist 
for the negative instructional ( 4) category. 
In attempting to delineate the role of the coach as measured by response 
toward players, several factors examined in this study were not shown to be 
significantly different. The question of whether a coach would change feedback 
rates when his/her team was ahead or behind at the end of three innings was 
not found to differ significantly as a factor or as a function of record. Similarly 
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no difference was shown to exist when the data was analyzed by early or late 
halves of the game. 
These findings become important in the explanation of previously cited 
significant differences between "winning" and "losing" coaches. The fact that 
in this study "losing" coaches increased their rate of feedback was demon-
strated not to be a result of being behind in games or time of the season being 
early or late. Therefore, one conclusion that might be drawn is the coaches of 
teams that would eventually have a losing record had a desire or felt a need to 
become more active in their role as a coach. One possible explanation for this 
would be that a factor such as talent of the players (not measured in this study) 
could have precipitated the behavior. As former coaches, the authors have 
worked with teams and with considerable as well as sparce talent and have often 
found that the frustration resulting from a lack of talent has often prompted 
an increase in coaching feedback. 
When viewed in light of the significant increases in frequency of response 
of all coaches from early to late season, the role of the coach solidified as 
director of player/team performance. It was encouraging that as the season 
progressed, all coaches regardless of record became more actively involved, in-
creased their rate of feedback, and were found to have increased significantly 
in the positive categories only. 
The stated intent of the youth softball program under investigation was 
instructional. No win-loss records were published, no post-season play occurred, 
and no all-stars were chosen, so the coaches may have been allowed to operate 
in a more instructional atmosphere than coaches observed in other studies 
cited. The encouraging finding from the results of the girls' softball study was 
an apparent avoidance of the professionalization of players so often seen in 
youth sports. 
An examination of descriptive and inferential statistics substantiates the 
following "profile" of girls' youth softball coaches: 
a. 99% of all feedback was related to performance 
b. 3% of feedback was categorized as negative 
c. rate of response increased significantly from early to late season 
d. coaches classified as "losing" had significantly higher feedback in the 
positive, positive instructional, and negative instructional categories. 
An examination of youth sports programs, the relationship between 
coaches, and their resultant behaviors has shown that a number of variables 
may play a role in the observed feedback rate. For example, the greatest num-
ber of verbal responses (Cat. 1-4) by any one coach was 407. Conversely, the 
fewest responses directed at players by a coach was 15 3. This may be ex-
plained by the differing personalities of the coaches involved or by the role 
assignment of the head coach versus the assistant coach in providing feedback 
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to the players. If assistant coaches had been observed, a combination of assist-
ant and head coach feedback frequency might have yielded no significant dif-
ferences in total feedback rates given a particular team. This would be one of 
the variables that might reduce the internal validity of this research. Factors 
confounding the interaction of coaches' behavior and team success are: players' 
ability, competitive orientation of the player and league, and game conditions. 
In a final appraisal, one aspect of youth sports not addressed in this 
girls' softball study but may be most vital to the player-coach phenomena is 
how an individual player, players, or whole team reacts or responds to the 
specific comment(s) of their coach. Do players have an opportunity to change 
their behavior, make adjustments, correct errors, and so on, during a game? To 
what extent do the comment(s) affect the player/team? These questions are 
not answered when observing the coach alone. Hopefully, future research in the 
area of the youth sport coaches will address these and other questions concern-
ing the player-coach relationship. 
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ABSTRACT. The purpose of the study was to examine the influence of first-grade male and 
female teachers on the sex role classification of school objects, reading and school attitudes, 
and reading achievement of first-grade children. Subjects were 385 boys and girls of 22 dif-
ferent classrooms taught by 11 male and 11 female teachers in midwestern public schools. 
Dependent variables consisted of measures on sex role classification of school objects, 
attitudes toward reading and school, and reading achievement. Analyses of variance pro-
cedures revealed that sex of teacher did not affect children's responses on the dependent 
measures. Significant sex differences noted were: boys classified a greater proportion of 
school objects as masculine; girls classified more school objects as feminine , and girls were 
higher in reading achievement accompanied with positive attitude toward reading. The 
child's own gender was influential in sex-typing school objects . 
Index Descriptors: sex role stereotyping, effect of male and female teachers, school 
attitudes, and reading attitudes. 
Various institutions, practices, concepts and objects in American society 
often become stereotyped according to their sex appropriateness. The early 
educational environment for children, including the elementary school years, 
has been sex-typed as feminine, i.e . the American child has been taught almost 
exclusively by female teachers (Brophy and Good, 1973 ; Lee and Wolinsky, 
1973). The feminization of the school environment is thought, by a number of 
researchers, to interfere with optimum learning conditions for boys (Kendall, 
1972; Lee and Wolinsky, 1973; McNeil, 1964; Whitfield and Whitfield, 1982). 
Boys are more likely to have low grades, show reading disabilities or repeat 
grades (Brophy and Good, 1973; McNeil, 1964). 
Perceptions by boys of the behaviors that are required to fulfill emerg-
ing sex-role identities in relation to the sex-typed attributes of schools and 
teachers suggest incongruities that may be difficult for boys to manage . Ev-
idence of modeling female teachers by girls (e.g. Portuges and Feshbach, 1972) 
and sex-typing of school-related objects as feminine (Kagan, 1964; Kellogg, 
1 Journal Paper No. 299 of the Home Economics Research Institute, College of Home 
Economics, Iowa State University, Ames, IA 50011. This paper is based in part on a thesis 
submitted in partial fulfillment for the M.S . degree at Iowa State University . The authors 
thank Dr. Leroy Wolins, Department of Statistics , for his valuable consultation in the 
analysis of the data. Requests for reprints can be sent to the second author at the address 
given. 
2 
Department of Child Development, Iowa State University , Ames, IA 50011. 
70 BAKKEN and STOCKDALE 
1969) suggest strongly that girls see school as congruent with their sex role 
whereas boys are likely to be in conflict regarding these role requirements. 
Kagan (1964) suggested that boys may lack motivation to achieve in school due 
to their perception of the school as a feminine environment. 
In a study of children's sex role classification of school objects, Kagan 
( 1964) found that second-grade boys and girls as well as third-grade girls 
labeled school objects as feminine more frequently than masculine. These 
differences were more marked for girls than boys; also, third-grade boys were 
less likely than second-grade boys to label school objects as feminine . Kellogg 
(1969) found that fourth-grade girls and boys perceived a number of school-
related objects as feminine. McNeil (1964) found that boys and girls of equal 
intellectual ability performed equally well under programmed instruction; 
however, at a later time girls performed better than boys under female-led 
reading instruction. Appropriate sex-typed labeling of a task influenced achieve-
ment motivation in terms of attainment value and expectancy of success for 
both sexes in a study of sixth-grade boys and girls (Stein et al., 1971 ). In 
addition, this same study revealed that boys' achievement behavior was affected 
by labeling the task as masculine. The results of these studies suggest that the 
association of appropriate sex roles with learning tasks is important. 
It has been suggested that the presence of male teachers and/or models in 
early education experiences might alleviate some of the role conflict that exists 
for boys as well as enhance the learning environment for both boys and girls 
(Biber et al., 1972; Lee and Wolinsky, 1973; Whitfield and Whitfield, 1982). In 
addition, male teacher presence in the classroom could fill a void of a male 
model for children from fatherless homes and those with low father avail-
ability (Brophy and Good, 1972; Lee and Wolinsky, 1973). However, Robinson 
et al. (1980) warned that the mere addition of male teachers is a too simplistic 
approach to resolving the issue of sex-role contributions of male teachers in 
the classroom. Furthermore, review of prior research has revealed that length of 
time on the job, level of experience, and a range of masculine-feminine beha·1-
iors are the factors which determine whether men and women can be effective 
with young children (Robinson et al., 1980). 
Numerous workers have been concerned with differences in behaviors and 
attitudes of male and female teachers toward boys and girls in their classrooms 
(e.g., Etaugh and Hughes, 1975; Lee and Wolinsky, 1973; Stake and Katz, 
1982). Methodological variations and limitations have produced conflicting 
findings on a number of variables which have been investigated (Robinson 
et al., 1980; Stake and Katz, 1982). While several studies have indicated that 
boys receive more reprimands than do girls (Etaugh and Harlow, 1974; Lee and 
Wolinsky, 1973; Stake and Katz, 1982), there is also an indication that boys 
receive more praise than girls (Brophy and Good, 1973; Lee and Wolinsky, 
197 3; Etaugh and Harlow, 197 5 ). Other studies have found that girls receive a 
higher number of instructional contacts than boys (Biber et al., 1973; Fagot, 
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1973) ; however, Brophy and Good (1973) cited evidence that boys are called 
on more frequently and have more contacts with the teacher. Stake and Katz 
(1982) found that girls and boys received equal amounts of praise, encourage-
ment, instruction, request/demand and conversation after achievement behav-
10r. 
Evidence that both male and female teachers tend to reinforce feminine 
behaviors in the classroom (Etaugh and Hughes, 197 5; Robinson et al., 1980) 
demonstrate the influence of teachers' evaluations of sex-typed behaviors. 
Brophy and Good (1973) speculated that the female sex role blends well with 
the student role whereas the male sex role is less congruent with the classroom 
environment. Stake and Katz (1982) reported that teachers described girls as 
more obedient than boys and boys as noisier and more disruptive than girls. 
Inconsistent results are seen in studies in which comparisons between the 
attitudes and behaviors of male and female teachers are made. Some workers 
have found that male teachers provide a more positive atmosphere for boys 
(Etaugh and Hughes, 1975) as well as sex-appropriate activities and better 
establishment of rapport (Lee & Wolinsky, 1973). Observational data from a 
study by Stake and Katz (1982) suggested that overall female teachers re-
sponded more positively to their students than did male teachers. For example, 
female teachers gave more sympathy responses to all student behaviors than 
did male teachers. On the contrary, however, poor achievement behaviors 
garnered more sympathetic responses from male teachers. 
Brophy and Good (197 3) concluded that sex of the teacher is of little 
importance; instead, changes in the defined role of the student are needed to 
accomodate sex differences. They suggested that less emphasis should be placed 
on passivity and inactive forms of learning that has been believed to typify the 
female sex role; more emphasis should be made to incorporate changes in 
curriculum and instruction which will capitalize on positive attributes of 
masculine sex typing. 
The purpose of the present study was to investigate the effect of teachers' 
sex on the dependent variables of first-grade children 's sex-role classification of 
school objects, reading and school attitudes, and reading achievement. Children 
in male-taught classrooms were compared with children in female-taught class-
rooms on the dependent variables. Based on some of the literature reviewed, it 
was expected that boys and girls with like-sex teachers would more likely 
view the school environment as congruent with their sex role and therefore 
have more positive attitudes toward reading and school. Since boys live in a 
predominantly female world which may contain influences inconsistent with 
male sex-role orientation, it was felt that boys would be more affected m 
attitudes toward school by having a like-sex teacher than would girls. 
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METHODS 
Subjects 
Participating subjects for the study were 11 pairs of first-grade male and 
female teachers and their students (n = 385). Each pair of male and female 
teachers taught in the same public school building in midwestern communities. 
All teachers taught reading in self-contained classrooms and were full-time 
employees. The mean age and number of years of teaching experience was 
higher for female teachers than for male teachers, but all teachers had at least 
two years of experience. Male-taught classrooms contained 100 boys and 106 
girls; female-taught classrooms had 96 boys and 83 girls. All but two of the 
male first-grade teachers available in this midwestern state participated in the 
study. 
Instruments 
A modified version of Kellogg 's Direct Approach to Sex Role Identifica-
tion of School Objects (1969) and the Primary Attitude Toward Reading 
Scale (Deck and Barnette, 1969)3 were used to measure the dependent vari-
ables of sex-role classification objects and attitudes toward reading and school. 
Kellogg's original instrument (1969) was developed to test for sex-typed 
preferences of certain common home and school objects. The instrument is 
comprised of a list of 24 objects; some objects are more suited for girls (e.g., 
purse, dress) while others are more fitting for boys (e.g., football, hammer). 
Included in the list of 24 objects are items related to the school environment 
(e.g., desk, map, book). To administer the test, the examiner asks the children 
to designate each of the objects as most suitable for boys or girls. The modifica-
tion of the instrument for the present study included the following: (1) the 
total number of nonschool objects was decreased to allow a shorter testing 
period, but the number of school objects remained the same (i.e., desk, map, 
book, pencil, blackboard, library, chalk, school); (2) children were shown 
black line drawings of the objects; (3) each picture was named as it was shown, 
and children circled either the word "boy" or "girl" on an answer sheet. 
The Primary Attitude Toward Reading Scale (Deck and Barnette, 1969)4 
consists of 29 items and measures general feelings toward reading. A 3-point 
scale is used to measure the degree to which a respondent agrees or disagrees 
with an item. Reliability coefficients for the primary form of the scale range 
from .82 to .93. For purposes of the present study, two items were added to 
the scale. The added items were: (1) "I like going to school in the morning,"; 
and (2) "I like my teacher." 
Reading achievement was recorded as each child's present book level 
used in their reading instruction. Reading levels were derived from two differ-
ent reading series and were equated using normative data. 
3Deck, D., and Barnette, J. J. Measuring attitudes toward reading in large scale assessment. 
Paper presented at the annual meeting of the American Educational Research Association, 
San Francisco, 1976. 
4 Ibid. 
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Procedure 
The instruments, measuring sex role classification of school objects and 
reading attitudes, were administered to groups in the classroom setting. The 
classroom teachers introduced the male investigator to the children and then 
absented themselves from the classroom. After establishing rapport with the 
group, the male investigator administered the instruments orally to the chil-
dren. Approximate time of testing was 30 minutes. Children were assured that 
their answers would be confidential and that there were no right or wrong 
answers. 
The instruments were administered, within a school, in alternate order. 
Determination of the first instrument to be administered, within a school, was 
by random choice. 
Children had been in their particular classrooms approximately eight 
months when they were tested. 
RESULTS 
Analyses of variance were computed for all items on the Primary Attitude 
Toward Reading Scale (PATRS), a total reading and school attitude score, the 
eight school objects, total number of masculine classified school objects, total 
number of feminine classified school objects, one-item measures on liking 
school and teacher, and reading achievement. These analyses were based on 
school means averaging over children. 
The analysis revealed that under the conditions of this study, the sex of 
the teacher does not significantly influence first-grade boys and girls in the sex-
role classification of school objects either as masculine, F (1, 10) = 1.06, 
p < .05, or feminine, F (1, 10) = .78, p < .05 (Table 1). 
Of the 20 reading attitude items on the PATRS, only one item showed a 
significant difference (p < .05) for male-taught and female-taught children. 
The composite P ATRS score revealed that the sex of the teacher had no 
significant influence on first-grade boys' or girls' total attitude toward reading 
and school (Table 1). In addition, the sex of the teacher did not affect reading 
achievement, liking school, and liking the teacher (Table 1 ). 
Sex differences among children emerged on a number of dependent vari-
ables regardless of the teachers' sex (Table 1 ). The following sex differences 
were found : boys classified significantly more school objects as masculine, 
F (1, 10) = 185.32, p < .01; girls classified significantly more school objects as 
feminine, F (1, 10) = 194.35, p < .01; girls had a significantly more positive 
attitude toward reading and school than did boys, F (1, 10) = 9.98, p < .05; 
and girls exhibited significantly higher levels of reading achievement than did 
boys, F (1, 10) = 8.89, p < .05. No sex differences were found for the one-
it~m measures on liking school and liking the teacher. 
Table 1. Summary for analysis of variance (F-ratios) for sex of teacher by sex of child by school for first-grade children's 
responses to six dependent variables. 
Dependent Variables 
Sex of Sex of Interaction School Interaction of Interaction of 
teacher student teacher's sex differences teacher 's sex student's sex 
with with school with school 
student's sex 
Objects scored 
as masculine .54 185.32** 1.06 .29 1.35 .74 
Objects scored 
as feminine .40 194.35** .78 .32 1.31 .78 
Attitude toward 
reading and school .66 9.98* .34 2.06 1.05 1.14 
Reading achievement .03 8.89* .05 11 .15** 1.08 5.06** 
Like to go to school 1.05 .03 .21 1.27 .72 1.08 
Like teacher 1.61 .01 .68 1.34 3.19* 1.51 
*p < .05. 
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Only one of these variables, reading achievement, F (10, 10) = 11.15, 
p < .01 showed a significant variation among the 11 schools, indicating that 
the average reading achievement differences between boys and girls was not 
uniform among schools. 
DISCUSSION 
The data provide evidence that the sex of the teacher was not influential 
in children's perception of the school environment as masculine or feminine. 
Whether or not boys or girls had female or male teachers, they rated the school 
objects as congruent with their own sex roles. Though Kagan (1964) and 
Kellogg (1969) found a tendency for boys to perceive the school environment 
as feminine, this sample of first-grade boys rated school objects as masculine. 
Kagan's and Kellogg's sample of children was older (i.e. , second to fourth 
grade), and so it could be speculated that developmental phenomena are in-
volved. It is possible, also, that the presence of male teachers in a school, even 
though they may not be the child's teacher, could present an aura of masculin-
ity that offsets the dominance of the ever-present female. It should be noted 
that the investigator was a male and as such may have been a salient model for 
the boys. However, the strength of the girls' responses along feminine lines 
cannot be denied regardless of the sex of their teacher. 
In addition, the teachers' sex was not influential in affecting reading and 
school attitudes or reading achievement. It appears that other characteristics 
of teachers and/or the children themselves may be more influential in deter-
mining the particular experiences of boys and girls in school (Brophy and 
Good, 1973; Robinson et al., 1982). A range of masculine-feminine behaviors 
and amount of experience are among factors that may determine the effective-
ness with which male and female teachers educate young children (Robinson 
et al., 1982). Sex differences, in favor of girls, regarding reading and school 
attitudes as well as reading achievement are commonly noted in the literature 
(e.g., McNeil, 1964 ). The present study offers support for these findings. 
Differential treatment by teachers of boys and girls, which may contribute to a 
less positive experience for boys , has been noted in the literature (e.g., Etaugh 
and Harlow, 197 5; Lee and Wolinsky, 197 3 ). Because teachers' behaviors 
toward their students were not included in the present study, we can only 
speculate that perhaps the traditional male sex role which purports activity and 
assertiveness is not compatible with the student role (Brophy and Good, 197 3; 
Etaugh and Hughes, 1975). 
Certain limitations of the study should be noted. Because of financial 
constraints, it was not possible to use a female investigator in conjunction with 
the male investigator. Random sampling of male and female teachers was not 
possible due to the low availability of male first-grade teachers. Pairs of female 
and male teachers were matched within schools as nearly as possible on minimum 
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experience; however, variance in age and years of experience existed between 
pairs of teachers. To further enhance understanding of the sex differences, 
actual observations of children in male-taught and female-taught classrooms are 
needed. In addition, the test for classification of school objects as masculine 
or feminine does not allow the child to make neutral choices. Piaget 's theory 
suggests that first-grade children's level of reasoning is influenced by ego-
centrism (Piaget, 1970). Therefore, classification of objects might be reflective 
of a child's use of an object as congruent with his/her own sex role. Despite 
these limitations, this study provides new data about children in male-taught 
first-grade classrooms. 
In conclusion, maleness and femaleness of teachers did not affect the 
children's responses to sex role classification of school objects, attitudes toward 
reading and school and reading achievement. The child's own gender appears to 
be the critical variable. However, the presence of male teachers in the schools 
may have provided a salient model for this sample of boys who perceived 
school objects as masculine. 
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ABSTRACT. This study examines the relationships between philosophical attitudes and 
personality characteristics. Four philosophical dimensions- Realism, Idealism, Pragmatism, 
and Existentialism- were measured with an extensively modified form of the Ross Educa-
tional Philosophical Inventory (REPI). The 1969 edition of Cattell's Form C of the Sixteen 
Personality Factor Questionnaire (16PF) was used to measure subjects ' personality charac-
teristics . 
The method of analysis was an unweighted-means two-factor analysis of variance of 
the responses to the four philosophical subscales with repeated measures on one factor . The 
two factors were the levels of source trait for the sixteen personality traits on the 16PF and 
the subscales of the REPI. The latter was the repeated measures factor. Where significant 
interaction resulted between level of source trait and philosophical subscale, the Scheffe 
procedure was the a posteriori technique used to discover where differences were occurring 
among the four subscales for each source trait level. 
For twelve of the sixteen source traits , where interaction was not significant, the 
Pragmatism subscale mean was highest whereas the Idealism mean was lowest across source 
trait levels. The remaining four source traits displayed significant interactions between level 
of source trait and philosophical subscale . There were differences in scoring patterns on the 
philosophical subscales for persons classified as low, average, and high for the following 
personality dimensions: Factor F (serious/enthusiastic); Factor I (tough-minded/tender-
minded) ; Factor M (practical/imaginative) ; and Factor Qi (uncontrolled/controlled). 
Index Descriptors: philosophical attitude , personality characteristics. 
BACKGROUND 
This is an exploratory study of relationships between a person's phil-
osophical attitudes, as measured by a 44-item Likert scaled educational phil-
osophical inventory (Ross, 1970; Ziomek et al., 1976 ; Ziomek and Smith, 
1980), and an individual's personality characteristics, as measured by Cattel's 
1969 edition of the Sixteen Personality Factor Questionnaire. 
There are two reasons for undertaking an exploratory investigation, as 
opposed to designing a study primarily directed at testing hypothesized rela-
tionships between philosophical attitudes and personality characteristics. 
First, there are few studies specifically designed to investigate such possible 
relationships, although there are substantial theoretical reasons for thinking 
they exist. The more common studies are those investigating personality 
characteristics related to teacher effectiveness (Guba and Getzels, 195 5; Lamke, 
1Coordinator of Testing and Research , Des Moines Public Schools, Des Moines, IA 50307. 
2Professor of Education, Iowa State University, Ames, IA 50011. 
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19 51; Levin, et al., 19 5 7; McClain, 1968; Medley and Mitzel, 19 5 9; Oldroyd, et 
al., 197 3; Start, 1966); attitudes in relation to teaching success or ability 
(Brown, 1974; Kerlinger, 1967; Kerlinger and Pedhazur, 1968; Merritt, 1971; 
Oliver, 1953; Ringness, 1952; Rocchio and Kearney, 1955; Scates, 1956; 
Wandt, 1952); and attitudes and/or personality characteristics as related to 
various teacher variables-e.g., age, sex, teaching areas, grade level, experience 
(Erickson, 1954; Getzels and Jackson, 1963; Kidd, 1972; Ryans, 1960; Ward, 
1969). Second, those few studies designed to test hypothesized relationships 
have produced inconclusive findings. This result is primarily due to inappropri-
ate methodology, inadequate instruments, or both. Most previous studies have 
relied on ad hoc philosophical instruments. We think the instrument we have 
used is superior to others because of its enhanced reliability and validity prop-
erties (Ziomek et al., 1976; Ziomek and Smith, 1980). 
THE PROBLEM 
Several educational philosophers have postulated relationships between 
philosophic beliefs and other traits and attitudes. For example, Morris (1961, 
p. 408) has asserted "that philosophy eventually controls the quality of our 
conduct, and that it is the quality of our conduct which in the long run adds to 
the quality of human living." Further, he maintained that "no matter how 
much teachers and administrators may affect innocence about things phil-
osophical, their behavior patterns in the school are outgrowths of the phil-
osophical and policy positions they individually hold whether they realize it 
or not" (Morris, 1961, p. viii). Bowyer (1970, p. 9) concurred, reflecting an 
opinion among some educational philosophers that "one's individual phil-
osophical attitudes largely determine his educational aims and choices." 
An even stronger relationship was claimed by Ross (1969), the designer 
of the Ross Educational Philosophical Inventory (REPI), who asserted in the 
manual accompanying the REPI that an idealist "is basically authoritarian. He 
accepts the supernatural. He cannot compromise his ideals. He views others as 
needing to be told." Or that a realist is "objective" and a "mental disciplin-
arian." Likewise, Morris (1961, p. 409) generalized that realists and lay neo-
thomists "tend to be more impersonal and systematic in their procedures" than 
do adherents of other philosophical camps. He stated also that "personal rap-
port" with a group of students is a trademark of philosophical idealists. 
Educational philosophers tend to differ as to just which attributes go with 
which philosophy. Horne (1942, p. 157) thought that idealists do not impose 
views on students but rather "stimulate" and "guide." His characterization of 
idealists as self-directory, self-conscious, and self-active reminds one of Kilpat-
rick's (1942, p. 85) description of the self-directive personality of the pragmatist. 
Given the claims by some prOfessors of educational philosophy, we asked 
ourselves what, if any, are the relationships between people's philosophical 
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attitudes and their personality characteristics? Is a reserved, detached, critical, 
aloof, stiff personality type likely to have a different philosophical preference 
from an outgoing, warmhearted, easygoing, participating sort of person? And 
finally, if any of these relationships exist, can they be empirically demon-
strated? It is this last question that motivated the present study. 
METHOD 
Obviously the kind of investigation we proposed could not be undertaken 
without an adequate method for assessing philosophic belief and personality 
characteristics. Existing devices for measuring philosophical attitudes were un-
acceptable because they had not been properly tested and refined. We began 
with an 80-item inventory developed by Ross (1969; 1970). Through several 
factor analyses and content revisions, we selected 44 items-11 each to assess 
idealism, realism, pragmatism, and existentialism. Each subscale showed high 
internal consistency (Cronbach's a estimates from 0.88 to 0.92) and good face 
validity (Ziomek et al., 1976; Ziomek and Smith, 1980). 
To measure personality characteristics, we selected Form C of Cattell's 
16PF (personality factor) questionnaire (1969). We chose the 16PF over instu-
ments like the Minnesota Multiphasic Personality Inventory because we wanted 
to investigate the responses of normal people. Since the MMPI was designed for 
and has had its primary use as a device for detecting abnormal personality 
characteristics, and since a great deal of research has been done with and on 
the 16PF (mainly on normal populations), this seemed a reasonable choice. 
Most people can complete Form C in about 20 minutes, and its validity and 
reliability are satisfactory (Cattell, 1972, 1973; Cattell et al., 1970). The 16 
factors, expressed on a low-high continuum are : A (reserved/warm-hearted), 
B (less intelligent/more intelligent), C (affected by feelings/emotionally stable), 
E (submissive/assertive), F (serious/enthusiastic), G (expedient/conscientious), 
H (timid/venturesome), I (tough-minded/tender-minded), L (trusting/suspi-
cious), M (practical/imaginative), N (forthright/shrewd), 0 (self-assured/ 
guiltprone), Q1 (conservative/experimenting), Q2 (group-dependent/self-
sufficient), Q3 (uncontrolled/controlled), and Q4 (relaxed/tense). 
The experimental subjects were 194 undergraduate and graduate students 
who had not had a course in philosophy or educational philosophy. Each per-
son completed both instruments at a single sitting. Scores on the sixteen pri-
mary source traits of the 16PF allowed us to place each subject in one of three 
categories: (1) "low" (stens one through three), (2) "average" (stens four 
through seven), or (3) "high" (stens eight through ten) (Cattell et al., 1970, 
p. 63 ). Since the "sixteen dimensions or scales are essentially independent" 
(Cattell, 1972, p. 5), we examined each trait separately. 
The method of analysis was an unweighted-means two-factor analysis of 
variance of the responses to the four philosophical subscales with repeated 
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measures on one factor as discussed in Winer (1971, pp. 514-603). The two 
factors were: (1) the levels of source trait (low, average, and high) for the six-
teen personality traits on the 16PF, and (2) the subscales of the philosophical 
inventory (realism, idealism, pragmatism, and existentialism). The latter was 
the repeated measures factor since each student completed the four philosoph-
ical subscales. Of particular interest was the test of the hypothesis of no inter-
action between the levels of the personality trait and the four philosophical 
subscales. In the four cases where significant interaction resulted (Factors F, 
I, M, Q3 ), the Scheffe procedure was employed to discover where differences 
were occurring among the four philosophical subscales for each level of the 
source trait. 
Also of interest is the fact that in all 16 analyses of variance there were 
significant differences among subscale means for the philosophical inventory. 
In the vast majority of cases, the pragmatism subscale mean is highest and the 
idealism is lowest. This seems to support Kneller's claim that "the world view 
of pragmatism has certainly proved more congenial to American students than 
the philosophies of realism or idealism. . .. A dynamic and skeptical society 
appreciates the philosophy of change rather than of permanence; a calling into 
question of all things; and a theory that man by nature is enterprising and ex-
ploratory" (Kneller, 1971 , p. 15). Other recent studies confirm this finding 
not only for Americans but also for many Arabic speaking students (Hawana 
and Smith, 1979; Smith et al., 1981). 
RESULTS 
The results of the ANOV As showed significant personality level x phil-
osophical subscale interaction for four of the sixteen personality source 
traits. In each case, we have employed plots of means and Scheffe tests to 
assess any differences that were occurring. These are presented below for each 
factor separately. In the discussion which follows , we have used Cattell's ex-
planation of the meaning of the individual 16 PF scales (Cattell, 1972, 1973; 
Cattell et al., 1970). 
Factor F (serious/enthusiastic) 
According to Cattell, people who score low (stens 1-3) on this factor tend 
to be characterized by such adjectives as sober; taciturn; silent; introspective; 
full of cares; concerned; reflective; incommunicative; slow; cautious; serious; 
and relying on inner values. Figure 1 shows that pragmatism and realism 
means sharply increase as Factor F scores go from low to high. The existential-
ism score increased considerably from low to average groups but remained un-
changed from the average to the high group. At the same time preference 
for idealism diminished. 
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Table 1. Scheffe tests-Factor F 
LOW 
Philosophical subscale means 











aScheffe critical value at .05 level equals 4.66 . 
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Figure 1. Philosophical subscales mean scores for people who scored low (ser-
ious), average, and high (enthusiastic) on factor F. 
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At the high end of Factor F, Cattell uses adjectives like talkative; cheerful; 
frank ; expressive; quick; alert; happy-go-lucky; reflects group; and most enthu-
siastic. The Scheffe tests (Table 1) confirmed the graphic presentation shown in 
Figure 1. Specifically, subjects characterized by low Factor F scores did not 
prefer one of the four sets of philosophical beliefs over any other. Those whose 
Factor F scores were either average (stens 4-7)-or high (stens 8-10) significantly 
preferred pragmatism over the other three philosophies and scored significantly 
lowest on idealism. Between these two extremes, realism and existentialism are 
not differentiated. 
Factor M (practical/imaginative) 
In many respects the pattern on this factor resembles that on the preced-
ing one. People who scored high on Factor M showed the same lack of phil-
osophical differentiation as those who scored low on Factor F; and the low 
scoring group on Factor M preferred pragmatism significantly more than the 
other three philosophies, just as did those who scored high on Factor F. Ideal-
ism, again, is the least preferred. Realism and existentialism are not significantly-
differentiated. The Scheffe tests (Table 2) verify the similarity with Factor F. 
Cattell's descriptors for low Factor M respondents are : conventional; 
alert to practical needs; concerned with immediate interest; prosaic; avoids far 
fetched ideas; guided by objective reality; dependable practical judgment; and 
earnest or worried but steady. On the other end of the continuum, high Factor 
M personality features include: imaginative; bohemian; absent-minded; uncon-
ventional; absorbed in ideas; interested in art, theory, basic beliefs; entralled 
by inner creation; fanciful; easily seduced from practical judgment; and en-
thused but occasionally hysterical swings of giving up. 
Factor I (tough-minded/tender-minded) 
Cattell describes people who score high on Factor I as tender-minded; 
fidgety ; flighty; expecting affection and attention ; clinging; insecure; seeking 
help and sympathy; gentle; indulgent to self and others; artistically fastidious; 
affected; theatrical; acting on sensitive intuition; seeking attention; hypochon-
driacal; anxious about self; and as having an imaginative inner life and conver-
sation . A glance at Figure 3 shows three rather dramatic shifts in philosophical 
scoring for the high scoring group and the low scorers on this factor. Existen-
tialism and idealism scores decrease sharply while realism scores go up just as 
sharply as one looks from the high group to the low. This change makes intu-
itive sense in terms of the descriptors for low Factor I: tough-minded; unsenti-
mental; expects little, selfreliant; takes responsibility; has taste but few artistic 
responses; acts on practical evidence; keeps to the point; does not dwell on 
physical disability and hard to the point of cynicism. The Scheffe tests and 
means in Table 3 document the pattern shown in Figure 3. 
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Table 2. Scheffe tests-Factor M 
LOW 
Philosophical subscale means 
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Figure 2. Philosophical subscales mean scores for people who scored low 
(practical), average, and high (imaginative) on factor M. 
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Table 3. Scheffe tests-Factor I 
LOW 
Philosophical su bscale means 
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Figure 3. Philosophical subscales mean scores for people who scored low 
(tough-minded), average, and high (tender-minded) on factor I. 




There are two particularly interesting patterns shown in the responses on 
this factor. One is the steady increase in preference for existentialism as one 
looks from high (socially precise; compulsive; exacting will power; high strength 
of sentiment; and following self-image) to average to low (lax; follows own 
urges; careless of social rules; undisciplined self-conflict; and low self-sentiment 
integration). The other is the high idealism score associated with high Factor Q3 . 
In other words, there is a positive relationship between idealism and being 
socially precise and controlled. There is also a positive relationship between 
existentialism and following one 's own urges or being careless of social rules. 
CONCLUSIONS 
The philosophical preferences associated with all four personality factors 
where significant interactions existed are intuitively sensible. People whose 
16PF scores indicate them to be sober, full of cares , and taciturn, or bohemian, 
absent-minded, and unconventional, do not prefer one of the four philosophies 
over another, and all are ranked very close to complete neutrality (scores could 
range from 11 [most negative] to 77 [most positive], with 44 being neutral). 
Those who were cheerful, frank, expressive, and alert, or conventional and 
alert to practical needs rated pragmatism highest, followed by realism, then 
existentialism, and finally idealism at the bottom of the list. This was the same 
preference as shown by the "middle" (stens 4-7) groups on all 16PF measures. 
The existence of some relationships between personality characteristics 
and philosophical beliefs, however, should be approached with caution. Con-
siderably more research will be required to determine, for example, whether 
existentialists are usually much more or only a little more lax or careless of 
social rules than are, say, pragmatists or idealists. Other ways of approaching 
these issues as research questions need to be employed before strong con-
clusions can be drawn. In any case, it is certainly too early to use any phil-
osophical inventory for screening of prospective teachers even though re-
searchers like Ross (1969) advocate such usage. This caution seems partic-
ularly in order because several of the people who have tried to develop phil-
osophical assessment devices have rationalized their work on this basis. On the 
other hand, there are those who contend that the day should never come when 
even a reliable and valid instrument should be used for this purpose. We believe, 
however, that it is useful to pursue research questions in this manner. Perhaps 
it is time for philosophers to look for ways to use the methodologies of the 
social scientists to empirically verify some of their formulations. 
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Table 4. Scheffe tests- Factor Q3 
LOW 
Philosophical subscale means 
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Figure 4. Philosophical subscales mean scores for people who scored low 
(uncontrolled), average, and high (controlled) for factor Q3 • 
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THE BUR BUTTERCUP (CERATOCEPHALUS TESTICULATUS) 
A NEW TOXIC WEED IN IOWA 
93 
Index Descriptors: Ceratocephalus testiculatus, weeds, poisonous plants, and Iowa weeds. 
The bur buttercup, Ceratocephalus testiculatus (Crantz) Roth is a dimin-
utive, annual weed of European origin. It is characterized by a basal rosette of 
narrowly pinnatafid leaves. The naked peduncles stand above the leaves, each 
bearing a single, small, buttercup-like yellow flower . The foliage and peduncles 
are covered with loose cottony hairs . The short cylindrical head of bristly car-
pels is quite different from that of ordinary buttercups (genus Ranunculus ). 
Individual carpels have an elongated beak and two basal swellings, giving rise 
to the specific epithet. 
This species is widely established in the western United States (Barkworth, 
1982) and has caused numerous deaths of sheep. The green plant is highly toxic 
to these animals, the LD 50 having been determined to be about 1 % of body 
weight (Olsen, Anderson, and Madsen, 1982). 
The following specimen represents the first collection from Iowa and the 
farthest east this species has been recorded in North America. 
U.S.A. : Iowa: Cass County: Campground, 0.5 mi. s. of interchange of 
Interstate 80 and Hy. 71, e. side of road. Merrick, s.n., !SC Herbarium 
# 362205. 
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Goodwin, H. Eugene, 1983. Groping for Ethics. 336 pp. Iowa State University 
Press, Ames, IA. Cloth (ISBN 0-8138-0816-2) $38.00; Paper (ISBN 0-8138-
0817-0) $16.95 . 
This book is an attempt to assess the current status of journalistic ethics 
by distilling "oral gems" from about 150 taped interviews with working jour-
nalists and news media observers. The author, H. Eugene Goodwin, professor of 
journalism at Pennsylvania State University, admits to being " bothered by 
some of the things journalists and news media proprietors do." 
Professor Goodwin starts with a "Search for Standards" by looking at 
the First Amendment and the "strong feeling throughout American journalism 
that First Amendment freedom is paramount, even if it means protecting bad 
journalism." As an example of how each chapter is written, he uses quota-
tions to give the absolutist view and then provides "oral gems" from others to 
give the moderate view of the First Amendment among journalists. 
In other sections of the first chapter, he discusses the theories of the press, 
the problem of accuracy and fairness, codes of ethics, and the issue of what he 
terms "watching the watchdogs." In this final section of the chapter, he spends 
much time on the late National News Council, the need to give readers a voice, 
and finally he tells of the need of the press to report on the press. 
After his second chapter concerning the question of the press being a 
business or a profession, the remainder of the book is a discussion of his six 
categories of the principal ethical problems of U. S. journalism. He lists these as 
conflicts of interest, freebies, journalists' methods, privacy, compassion, and 
competence. Each of these chapters starts with a narrative about the issue in-
volved in that chapter. For example to introduce Chapter Five, "Reporters and 
Their Sources,'' he writes: 
What if you learn, as editor of a metropolitan newspaper, that a 
promising new reporter in your Washington bureau had been roman-
tically involved with a state official while covering politics for her 
previous newspaper two years ago? You also learn that she received a 
fur coat, a sports car, and other expensive gifts from this politician 
and that they shared an apartment. Do you ignore it? Do you rep-
rimand her? Do you fire her? What right do you have to tell her 
who her friends can be and what gifts she can accept from them? 
Besides all this happened before she came to work for you. 
The author then explains that this sort of decision faced not only the 
news executives of the New York Times but also the editor of the newspaper 
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she left, the Philadelphia Inquirer. Professor Goodwin tells of the reporter's 
forced resignation from the Times, and he also quotes Abe Rosenthal, execu-
tive editor of the Times, that "the penalty was severe but there was nothing 
else I could do." Inquirer executive editor Eugene L. Roberts, Jr. says his 
paper included the reporter's involvement in the story it ran about the politi-
cian and an FBI investigation. 
Professor Goodwin then moves to issues such as the manner in which male 
reporters use female sources and the problems of relying on secret sources. He 
discusses the Watergate reporting and gets into sources as adversaries when re-
porters are working on major stories. Then he moves into reporting what the var-
ious codes of ethics of various journalism organizations say about these issues. 
He ends the chapter with a warning about "falling into cozy relationships 
with sources" and being cautious about aggressive treatment of sources because 
"aggressive reporting does not require the abandonment of civility." 
These little homilies end most of his chapters. After his chapter on "Any-
thing to Get a Story" he says, " ... it does not take much of such unethical 
behavior to polute the entire enterprise and erode public confidence in the 
news process." In his chapter on the use of shocking pictures and language he 
says, " ... perhaps it is time for news executives to ask how well they serve us 
if they treat us all as eight-year-olds." 
Most of the book consists of quotations and discussion of taped "oral 
gems." These, indeed, provide the reader the feel of the concerns and the 
solutions, in specific instances, of various reporters, editors, and others. The 
author also includes the details of some of the stories that caused the press con-
cern over the past few years. One example is the Janet Cooke story in the 
Washington Post that won a Pulitzer Prize about the eight-year-old heroin 
addict. The story was ultimately found to be fabricated. With respect to policy 
on blind sources, he quotes Michael J. Davies, formerly of the Kansas City Star 
and Times, who said that most anonymous sources are the "result of lazy re-
porting" and should be used sparingly. 
This book, the author admits, is limited primarily to 150 interviews with 
working jouralists and news media observers. To provide a mix with other 
views, he provides a "Bibliographical Essay" which briefly tells about most of 
the current books that deal with journalistic ethics in whole or in part. He also 
lists some standard histories of American journalism that are "useful for those 
interested in tracing the roots of rights and wrongs in the field." 
Other works listed in this final section include reports such as the one 
from the Commission on Freedom of the Press, headed by Robert M. Hutchins, 
A Free and Responsible Press. The author also tells about journals, journalism 
reviews, and codes of ethics of national associations and individual news or-
ganizations. 
In his final chapter, "Toward Ethical Journalism," Professor Goodwin 
summarizes his study and concludes that it is a picture of a "large number of 
obviously intelligent people honestly disagreeing about ethical standards, goals, 
and procedures." 
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